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The study of weather is a very complicated subject. Variables of temperature, 
pressure, humidity, wind, and clouds all have an efl'ect on atmospheric condi- 
tions on the earth. Complicated antl sometimes hard-to-measure factors ^such 
as upper air movciyent, variations in solar radiation, and changes due to the 
seasons contribute to the problem. An attempt to expound on all of these, and 
others, would result in a Very lengthy teXt. Instead, this short introduction will 
focus on those, thiugsv not found m the student text or teacher Annotations, 
that are judged to be pertinent to the unit 

From the fimc that man first became interested m th^ weather, his basic 
response was observation. Long before the use of instruments for measuring 
weather factors, eyes were turned skyward at the clouds, and the \vind was 
tested with pieces of straw. And the observations became the foundatiorl for 
arsort of **if — then*Vweather forecasting. "If," said the ancient sailing captain 
**thc sky has mackerel scales and mares* tails, then I am going to have to lower 
my sails.** In more modem terminology, he was saying that the appearance 
of cirrocumulus and cirrus clouds foretold the coining of a storm. "If,** said 
the ancient fajrmer, "the brfeezes are backing, then dry hay well be lacking.** 
Somehow, he knew that a backing wind (one that changes from north to west 
to south to east, or counterclockwise) pretiaged the approach of bad weather 
(a low*p're$sure ^rea), and he had better get the hay in. 

By the 17th century, instruments had been developed and began to be used 
iTor systematic weather observations. It Was realized that scientific observation 
had to precede scientific prediction. It is interesting to note that in 164^ two 
cities in France and one in Sweden were simultaneously recording the weather. 
Without ipodem, high-speed communication, however* much of the value was 
lost. But the science of mete6fol<;>gy was t}orn,.and has been growing ever since. 
Incidentally, umnterrupted obse^ations have been tflade in New Haven, 
Connecticut, 'Stftde 1779. Student observations in this unit, though limhed, play 
an eqiially important role in the development of a model, and in the attempt 
to qiake weather forecasts* 



HEAT SUPPLIER IN THE. SKY 
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The basic energy for weather processes is furnished by the sun. Of course, only 
a fraction of the sun's output of energy (about one two-billionth) reaches the 
vicinity of the earth. This radiation is largely divided between ultraviolet (10%), 
visible (45%X ^frared (45%) wavelengths. 
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TVwthc cdpc of ihc alniosphcrc. the s<)lar beam carries about 2 eaUv 
ries/cin'-^/nurt^or radiatjon. 1 his radiation is called the sohir constant. This is 
equivhlent lo about one hall million horsepowei per square nulc. Because of 
the earth's curvature, this beam is spread over a greater surface area at high 
latitudes than in the equatorial regions, (f rom this fact alone, we would expect 
the polar regions to be colder than the tropica.) 

The solar beam is partially depleted as it passes through the almosphcic. 
At high altitudes, ozone gas foims and becomes concentrated enough to absorb 
the lethal ultraviolet wavelengths. The solar beam is also substantially reduced 
by reflection from the upper surfaces of cloud laycjs and by scattering off the 
various gas molecules and coiitaininanis. Some energy is absorbed by cloud 
layers and air molecules. Of the total energy arrivmg at the outer edge of the 
atmosphere, only 28% arrives at the ground on an overcast day, 

The particular type of cloud determines the amount of reflection. For exam- 
ple, altostratus clouds reflect three quarters of the beam back to space. The 
density of the air and the thickness of the cloud layer also determine the amount 
of absorption. 

Once the energy reaches the earth's surface, it is either absorbed or reflected. 
This is highly dependent on the kind of surface material it strikes. In the Arctic, 
the glancing radiation is largely reflected from the snow; in the tropics, the 
equatorial forests absorb the vertical rays. 

In addition to receiving radiation, earth is also a radiating body. ActuiUly, 
the earth radiates energy 24 hours a day, while it receives energy, on the 
average, for only half the day. Ihus. m areas that absorb high amounts of 
radiation, the incoming energy exceeds the outgoing energy, while in polar 
regions terrestrial radiation^far exceeds solar radiation. 

THE DISTRIBUTION SYSTEM 

Whh the tremendous differential in energy received, absorbed, and reflected 
by various areas of the earth's surface, it would seem that some locations would 
get unbearably hot while others would be unbelievably cold. Yet there arc no 
spots on the earth where man cannot exist with proper protection. How is this 
heat energy distributed? 

Radiant energy can travel from the source to the receiver without a medium 
of transmission. Some of the energy received by the earth is indeed retrans- 
mitted by this method. But the large surplus of heat received in the tropics 
travels to other regions by the other two methods of heat transfer —conduction 
and convection. 

Heated surfaces of the earth heat the surrounding air by conduction. TTiis 
only affects the air in contact with the surface. This air becomes less dense 
than the surrounding air and is buoyed upward. Heated air, rising above the 
tropics, flows north and south.toward the Poles. Cooler air flows into the tropics 
to take its place. A huge circulatory system of heat transfer is set up as the 
heated air cools, sinks back to the surface, and flows back toward the equator. 



Because of the earth\s rotation, the actual circumstance is not as simple as 
the pnmaiy circulation dcscnbcd above. Instead^ part of the an tUwing Pole- 
ward at high altitude cools and falls at about .10" latitude. Due to (\>rio!isforcc. 
air in motion in the-Norther/i Hemisphere is detlecled to the right of its 
direction of motion. The part oi the air t^iat continues northward at the surface 
from 30^ becomes the prevailing westerlies that affect the North A^nerican 
continent so greatly. The part that flows back to the equator becomes the trade 
winds of the subtropics. At the same lime, polar air flowing southward at the 
surface becomes the Polar easterlies. 

A major significance of this circulator)', heat distnbution system is that large 
masses of air leave the subtroptcs and the subpolar regions and meet to form 
fronts. These frontal systems, in general, mc^e from west to east across the 
United States because of prevailing air-movement. A large amount of the total 
weather pattern that we experience is dependent ^n these air masses and fronts. 



OUTSIDE READINGS 

Much of the detail of meteorology is included in simplified form in the student 
materials and in the teacher notes. Notably absent is any material on hurrii:anes 
and tornadoes, nature's most violent storms. Similarly, upper air measurement, 
so important in modem weather studies, has been omitted as being beyond 
ih/t realm of this unit. 

There arc many fine books available that could be used by the teacher for 
reference or to obtain further background information. Some might be made 
available for better students who want to delve further in|o the subject. A short 
list follows: i N 

*Battan, Louis J. The Nature of Violent Storms. Garden City, New York: 
Doublcday and Co., Anchor Books, 1961. 

Blair, Thomas A., and Robert J. Fite. Weather Elements, 5th ed. Englewood 
Cliffs, N.J.: Prentice Hall, Inc.; 1965. 

*fantzlaar, George L. Your Guide to the W^4?a/Aer.^New York: Barnes and 
Noble, Inc., 1964. ^ i 

Day, John A. The Science of Weather Reading, Mass., Addison- Wesley Pub- 
lishing Co., 1966. 

♦HoUnes, David ^. The Story of ^Weather. New York: Pyramid PubUcations, 
Inc., 1963. 

♦ Landsberg, Helmut E. Weather and Health. Garden City, New York: Double- 
day and Co., Anchor Books, 1969. 

♦ Lchr, P. E., R. W. Burnett, and H. S. Zim. M^eaf/ier^Ncw York: Golden Press, 

1965. 

*Spar, Jerome. Earth, Sea, and Air. Reading, Mass., Addison-Wesley, 1962. 
Thompson, Philip D., and Robert O'Brien. Weathir (Life Science Library). New 
York: Time Inc., 1965. 

The books marked with an asterisk (♦) are available in.paperback editions. 
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The purpos^ of unit i?r to develop a simple model for weather. In doing 
so, attention is focused on the agents that cause ;iir to rise from one level to 
arjiothcr. ' 

C hapter I examines thermal convcctton as the first agent The behavior of 
^air IS made visible by using a smoke b<>x. and vaiiatums in temperature arc 
provided wiih hot and colij water. 1 he concept of differential heatmg of surfaces 
by radiant energy is developed, and the connection made between this difTcr- 
enlial heating and the behavior of the air. ^ 

Students ^re mtroduccd to systematic visual and instrumental weather 
observations in Chapter 2. A weather watch that is to continue lor four weeks 
is started, txcursions are provided to help with some of the observations and 
rccordsu • ^ ^ 

The qDestion of yvhat happens to the propenies of mass, pressure, and 
temperature of air as it rises is posed next The particle model of matter isNy 
used to explain air pressure and xo predict mcialcaelaliom^ 
and pressure in a closed system. Measurement of atmospheric pressure is 
accomplished , with a student-constructed barometer calibrated against an 
aneroid barorheter, » . 

Moisture content of thrf kir is studied in Chapter 4. Measurement of this 
property of air is made In toHWi^)f dew point and relative humidity. The 
necessity of condensation nuclei f(^ clouds to form is 'established. 

Cloud formation is examined, Dsing the two variables of temperature and 
prj^ssure: The particle model is used to explain why warm air rises, why pressure 
on it 'decreases, and therefore why clouds form ov^r particvlar areas. The 
concept of wind as a result of rising air is developed 

In Chapter 6, the deficiencies of the heated-air model are noted^and the 
model is expanded to include Hnes of temperature difference, convergence, and 
the effects of mountains as cloud-forming agents. A system of notation on ^ 
w^eather maps is studied, and the technique of drawing isobars practiced Some - 

9roperti(Js of low-pressure areas are examined. - 
The final chapter identifies hnes of temperature differences as fronts and, 
by using sequential weather maps, shows that these front?; and the associated 
low-pressure areas move generally from west to east across the country. With • 
this idea in mind, aind using the developed model, methods of predicting the 
upward motion of air and the resuUing weather conditions are studied. The 
use of the daily observations of the weather elements to provide clues for» 
approaching weather is summarized.- 



G^ERAL INFORMATION 



Each chapter of the Teacher's Edition contains an equipment list for that 
/ chapter The same is /true for each excursion. Also included on the first page 
of the chapter is a stiltement pf chapter emphasis and a listing of major points, 

. ■ - s ■ 



rhc answers lo ccriain key qiioslions arc pivcn in the bo<\y ol ihc chapter 
In addition, the last pajH* of oaeh chapter alerts vtui to preparations neeessary 
for the following chapter. 

Among the materials listed will be Si>me items thJlt must be supplied locally. 
You will need plastic tape, matches, scissors, and baby-food jais (both large 
and small) in a number ol the chapters and excursions. In addition, you will 
need large cardbinird boxes, ice cubes, thumbtacks, sand, crushed charcoal, 
and wire coal hangers in Chapter 1. crushed ice and ice cubes in Chaptei 4: 
black paper in Chapter 5: large plastic drv-cleamng bags in Excursion bl. 
a 21 cm X 21 cm piece of glass, black paper, ruler or meteislick, Umei, fme. 
poml marking pen. and a drawing compass m Excursion 5 2; a p^il. comb, 
and tape or clay for Hxcursion 7-1: and daily weather maps for hxcuision 7-3. 
It would also be wise to have an adequate supply of paper towels for activities 
using water or ice cubes. 

GET IT READY NOW FOR CHAPTER 1 

Cict your cardboard boxes, plastic tape, matches, scissors, and a good supply 
of baby-food jars, along with the materials supplied in the equipment kit, ready 
for the opening activity. You will also need ice cubes and some means of 
keeping them, and a method of supplying hot water. 

For the remainder of the chapter, you will need thumbtacks, about 100 ml 
each of clean sand and crushed charcoal per student-team, and a supply of 
wire coat hangers. Now would be a good time to start savmg the daily weather ' 
maps from the newspaper ,so that you have a good sequence for Chapter 7, 
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Foreword 



A pupil's experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural worid. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at which most stu- 
dents first gain the ability to study science in a really organized way. 
Here, too, the commitment for or against science as an interest or a 
vocation is often madtt. 
^ Paradoxically, the students at this critical age have been the ones 
least affected by the reOent effort to produce new science instructional 
materials. Despite a number of connmendable efforts to improve the 
situation, the middle years stand today as a comparatively weak link ini 
science education between the rapidly changing elementary curriculum 
and the recently revitalized .high school science courses. This volume 
and its accompanying materials represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 

At the outset the organizers of the I SCS Project decided that it 
would be shortsighted and pwise to try to fill the gap in middle 
.school-«cience education by simply writing another textbook. ,We chose 
instead to challenge some of the most firmly establishtfafcoiicepts 
about how to* teach and jusl what science material can and should be 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, <<i;achers, children, and teaching until 
wc have had the chance to test, these assumptions in actual classrooms 
with real children. As conflicts have arisen, our policy has been to rely 
more upon what we saw happening in the schools than upon what 
authorities said could or wpuld happen. It is largely because of this 
policy that the ISCS materials represent a substantial departure from 
the norm. 

The primary difference between the'ljcs program and more con- 
ventional approaches is the fact that it alloWs each student to travel 
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at his t)wn pace, and it pcrn»its the sc<i^c and sequence o*' instruction 
to vary with his'intcrcsls, abihties. and background. The ISCS writers 
have systematically yied to give the student more of a role in deciding 
what he should study next and how soon he should, study it. When the • 
inate?yals arc used as ir\tcnded. the ISCS teacher serves inore^ a 
"task caser" than a "task mister." It is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package whaWthc student ryicds to know. 

There is nothing radically new in the ISC^ approach to instruction. 
Outstiinding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education. ISCS has tried to do something more 
than pay hp service to this goal. ISCS' major contribution has been to 
design a system whereby an average teacher, operating under normal 
constraints, in an ordinary classroon> witli ordinary children, can ill' 
deed give maximum attention to each student's progress. 

Jhe development of the ISCS material has l^ecn a group effort from 
the ouuset. It began in 1962, when outstanding educators met to decide 
what might |>e done to improve middle-grade science leaching. The 
recommendations of these conferences were converted into a tentative- 
plan for \ set of instructional materials by a, small group^of Florida » 
State'*'Univer$ity faculty members. Small-scale writing sessions con--^ 
ducted on the Flopda State campus during 1964 and 1%5 rcsulted^iii; 
, pilqt curriculum materials that were tested in selected Fldrida schools 
during the 1965-66 school year. All this preliminary work was sup- 
ported»by funds generousilyVprovided by The Florida State University. 

In June of ii96(^-;jfinancial support was provided by the United States 
Office of EtKlcation, and the preliminary effort was formalized into 
the ISC^Project. Loiter, the National Science Foundation made sev- 
eral additAwl grants in supp^t of the ISCS effort. 

The firS^ drift of these materiais was produced in 1968, during a 
summer writing confereticc. The conferees were scientists, science 
educators, and junior high school teachers drawn from all over the 
United States. The original materials have been revised, three times 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing: 

We sincerely hope that the ^teachers and students who will use this 
material will find that the gre^t amount of time, nloncy, and effort 
that has gone into its developmipt has been worthwhile 



Tallahassee, Florida The Directors 

February 1972 . intermedute schence curriculum study 
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The word science means .a lot of things. All of the meanings arc **right,^ 
but none are complete. S<$ence is many things and is hard to dc- 
scribe in a few words* 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these things instead .of 
describing them with words. The book describes a series of thing;s for 
you to do and think about. We hope that what'you do will help you 
learn a good deal about natpre and that you will get a feel for how 
scientists tackle problems. 
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ow Is this book different from other textbpoKs? * 

This book is probably not like your other textbooks. To make any 
sense out of iu'you must work with objects*^and substances. You should 
do the things descril^ed, think about them^ rfbd then answer any ques- 
tions asked. Be sure you answer each question as you come to it 

The questions in the boolt are very important. They are asked for 
three reasons: ' ' 

1. To help you to tlH^^k through what you see and do. ^ 
»> 2. To let you kpow wHiejher.or not you und^stand what youVc done. 

3. To give you a record of ^what you have done so that you can 
use U for review* 

Hqw wiji your class be organized? 

Your science clasf will probably be quite different from your other 
classes. This book will let you start work with less help than usual 
from your teacher. You should begin each day's work where you left 
oflf the day before. Any equipment and supplies needed will be wait- 
ing for you, X 



Vtmr teacher will not read to you or icll you the things that you are 
to learn. Instead, he will help you and your classmates individually. 

Try to work ahead on your own. If you have trouble, first try to 
solve the problem for yourself. Don*t ask your teacher for help until 
you really need it. Do not expect him to give you the answers tathc 
queftions in the book. Your teacher will try to help you find where 
and how^ you went wrong, but he will not do your work for you. . 

After a few days, some of your classmates will be ahead of you and 
others will not be as far along. 1 his is the way the course is supposed 
to work. Remember, though, that there will be no prizes for finishuig 
*fir5L Work at whatever speed is bt;;st for you. But he sure you under- 
stand what you have done before mooing on. 

Excursions are mentioned at several places. These special activities 
arc found at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you, (Some ex- 
cursions will help you do ^)me of the activities in this book.) Some- 
times, your teacher may ask you to dq' an excursion. 

What aiy I expected to leam? ;^ 

During the year, you will wpjk very iliuch as a scientist does. You 
should learn a lot of worthwhile intdritiation. More important, we 
hopC^that you will learh how to ask and answer questions about 
nature. Keep in mind that leai^ning how Jo find answers to questions is 
Jusi^i^ ufduabl^ as learning the answers themselves. 

K^bep the big picture in mind, too. Each chapter builds on ideas 
;^ready dealt with. These, ideas add up to ^ome of the simple but 
powerful Qpncepts that are so important in science. If you are given, a 
Student Record Book, do all your writing in it. Do not write in thii 
book. Use your Record Bool for making graphs, tables, and diagrams, 
too. *^ 

From time to timff you may notice that your classmates have not 
always given tfiie samef answers 'that you did. This is no cause for 
wony. ThVre are many rights answers to some of the questions. J^d 
in. some cases yQu may not be able to answer the questions. As a 
^\tter of fact, no one knows the answers to some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will learn 
some pf .thc things we don't know as v/cl\ as what is known. Good luck! 
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EQUIPMENT LIST 

Per student-team • ^ 

1 cardboard box, -30 cm x 30 cm x 50 cm 
Ooar plastic wrap 
Plastic tape 

2 p*ustiG straws 
1 large 0ir. piston 

Air Has Its 
Ups and Downs 




Haavy cotton ^trlng. 12 cm long 
Matches 
Scisfiors 
Bat)y'-food jar^ 
ico cubes or Ice water 
Mot water 
1 aluininu'm pan 
1 p^aboard balance rod . s-. 

1 wiW support 

2 small paper bags 
2 rtiumbtacks 
1 alcohol burner 

'5 Styrofogm cups 
5 thermometers 
1 160-watt lamp ^nd socket 
Extension cord 
100 ml clean sand 
100 ml, crushed charcoal 
Coat hanger 



CHAPTER bMPHASiS 

A 

Hot or cokJ suH«<:(js Juwo (Jittorf'nt nffocts on 
tfu) uir tht)m. Vuriuuii uubstarij^us ate 

heated unequally by radiant enqr^y. 



Chapter 1 



MAJOR POINTS ^ • ^ 

1. By watchmg thu behaWor oi smoke partK 
cles as t*iey pass over surfaces whose tem- 
peratures are different^ you can Infer how the 
invisible air Is behaving, i.e.. thdt a> air moves 
downward over colder surfaces, and.b) up- 
ward over warmer surfaces. 
^. The Idea of force developed in ISCS, 
li?yoL L is useiJ la.fixplaio-the motion, ol-^ik- 
over oreas^ot different ternperaturos. 
3, T^\e particle model of matter (s used to 
explain why a voUifTie of warm air\ha3 le^ 



/ 

/ 



Excursion 1-1 Is^eyed to thig chapter. 

How would you like to be ^able to e^tplain the formation of 
, . a giant thundercloud like the one shown on tjbg f^cipg page? 
**A tough job/' you say. Perhaps, but, not impossible. To do 
it, you'll \ieed4o find out a few things about air, water, he 
arid the earth's surface. You'll need to know how these varia 
bles interact to produce changes in the earth's atqiospherc. 
These atmospheric changes are what we call "weather, 
course there is more to weather ^than a thundercloud 
ever, old cumulonimbus is an exciting fellow. 

Y(3ur firsi task is to find out how warm and cold surfaces 
' alfect air. You will need to make qn observation box if one 
isn't already available. To do this, you'll aee^l the following 
^■•materials: _j ^ ; . ' ^- ' 

^^vl cardboard box (about 30 cm x 30 cm x 50 cm) . 
Clear plastic food wrap 



mass than an equiil volume of cool air. I.e., 
according to the particle model of matter, 
particles of wafm air'are farther apart than the 
particios in aif*. ^ 
4. Cdid air. being heavier tHan» warm air, 
sinks, pushing the wiirmer al/ ppward. 
aL ' 5. Laboratory observations lead to the follow- 
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Plastic tape 



Ing conclusions: 

A. The temperature of some substances ^sur- 
faces) changes more than thrat of otijer si^ 
stances wheiWthe same amoqnt of odlint 
energy strikes them. (Graphs cap bo used to 
show these difmrences iargtes of heating and 

^cooling.) \;. ; * - 

B. Air above a surface Is warmed or cooled 
'by that surface. 

0. Solar radiation causes differential he^tting 
of different e^rth surfaces, and this In turn 
causes differential heating of the air over the 
surffipoe, causing up-and-down air currer>ts. 



OnQe-madp. t/ie observation boxes can be 
used by other students. Note-that they will be • 
used again In Chapter. 5r , ' - - 




You should Supervise tho coin>truct»on of tJie 
boxos rather carefully, ih light of tho fact that 
thoy will be used repeatedly here, and later in 
the unit. 



ACTIVITY 1-1. Remove orte side of Iho box; then cut a window 
in two sides as shown. But leave* about ^ of the top Intact, 
Tape plastio food wrap over the vv Endows so that they are 
airtight. In 9ne end of. the box, cut a small holQ Just large 
^nough to Insert a plastic straw. 



/ 



Note the Inference here. In l^evel I of ISCS. 
students Identified the presence of something 
(a force, for exanxplo) by tho effect that It had 
on something visible (the force-measurer 
blade). Here they are going to Identify eir 
movement by the effect It has on the srpoKe 
particles. 





Do noL 
cut out. 



Tape 



Plastic 

food 

wrap 



^ Remove side 
of box. 



Studying .the behavior of air is a bit clinicull because air 
is a mixture of invisible gases. One way to study air is lo. 
add smoke particles to it. By watching what happens to the 
smoke, you can decide what invisible air is doing. The next 
activities will suggest a simple way to collect ^oine smoke, 
>^u will need the fojlowing: 



I large air piston 
1 plastic ^Iraw 

Hqavy cotton string, 12 cnl tong 
Matches 



Scissors 
.Baby- food jar 
of tap water 



-4-5 cm- 



DC 




Plece^^ 
of strawT 



Va cm 
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ACTIVITY 1-2. Cut the straw Into 4- to 5-cm lengths. Cut the 
string Into lengths of £tbout 4 cm. Double one of the plecc^s 
of string twice or m^re until It will fit snugly in the end of 
a piece of the plastic straw. Leave about ~ cm of the doubled 
string sticking out of the straw. Repeal the procedure for the 
other pieces. 



ACTIVITY 1-3, Slip a section of the prepared straw onto th;> 
air piston. LIglit the string. I^einft careful not to melt the straw. 
Collect smoke in the cylinder by slowly drawing o||,t the 
plunger. Remove the stravy and lay it aside where it wor^ burn 
anything. You may need morQ smoke later. 



of slraU' 



l^re 



, No|( you are ready lo see how waani ank cold surfaces 
.aift'ecl »ir. You will use your observation box and the smoke 
you collected in Activity 1-3. 

ACTIVITY 1-4. Place a pan of colc^ water (ice water or even 
icq cubes If possible) inside the observation box. Be sure the 
_slraw is in place through the end of the box. The end-of 4he 
straw should not be over the pan of water. 




Pan of 
col^ water 



Air 
piston 




If you wish to kcop the aniourtt of smoke in 
th^room to a iiiininium. you may hiive sevpral 
groups draw .smoke from the §ame>80urce. 



Keoping the water cold (or hot for the noxt 
sQries of activities) can present a prol)loiu. \i 
you have worked out an ico-cube supply (caf- 
eteria, perhaps). -a Styrpfoam chest or. ice 
bucket, v^jll be valui^t^le fof>koifiping the cubes. 
(K tiot plate would bo best tor^the tiot' water 
supply; an alcoliol t)ufner will work, but not 
as well. It might be wise to give a tow words 
of caution about sloppiness. as well as* about 
safety with IbO hot water and the heater. 



ACTIVITY 1-5. Insert a smoke*filled air piston into the straw 
of the observation box* Gently force smoiie through the straw 
into the box s0 that it moves very slowly over the cold water. 
Observe what happens to the smoke. 



Cold ^ 
water* 




7\ 



Careful Observation .is necessary here and 
with the hot water that follows. Students, tehd 
to rusti through the activities without taking 
time to see what really happent^. 
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1-3. In earlier ISCS work, a force was defined 
as something that causes a chapoe in shape 
or a change in motion of a body. It was easier 
then to measure the change in shape: now a 
change In motion is more apparent. . 



1 JI-1. Describe what happciu^d U> the sinokc as it moved 
into the region above the cold surface. 

Rc^^i Activities 1-3, 1-4, and 1-5 using a pan ol' hoi water. 
But don't throw away the ice. Other students may need it. 

ni-2. Describe what happened to the ^moke as it moved 
into the region above the warm surface. 

If you studied Volume 1 or Volume 2 of the ISCS program, 
you learned that a change in motion of something occurs 
only if a force is acting dpon it. 

□ 1-3. How do you know that some force acts on the smoke 
as it moves into the region above the warni or the cold 
surface? 

Figure l-l illustrates the smoke-lilled air as it moves above 
the surface of the cold and the hot water. 



Figure VI 




Cold water 




-Pan 



Hot water 



1-4. The fi^rjows should bo vertically up or 
down, even though the srpoke may not rise 
Q,r sink exactly vertically. 



□ 1-4. In Figure 1-1 of yoiar Record Book, draw arrows 
indicating the" direction of the force <\cting on each of the 
smoke streams. 
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The upward motion of the smoke above the warm surface 
suggests thaf the air is rising. I his updraft pushes the smoke 
along with 

'□1-5* What does the smoke movemcut tell you about the 
motion of air over a cold surface? 



The vertical (up-and-d(jvvn) niovcnicMU of aii is vciy im- 
portant in producing we'athcr changes. But how can this 
motion be explained? Putting an activity together with the 
particle model .from ISCS Volume 1 can help. 

Get a partner and the following materials for this activity: 

1 pegboard balance rod 

1 wire support for rod 

2 small paper bcigs of equal size 
2 thumbtacks of equal size 

1 alcohol burner 

Matches - • . 

ACTIVITY i -6, Set up the bclance rod and wire support as 
shown. Fasten the two 'paper bags to the balance rod, using 
the thumbtacks* Balance the rod by moving the sliding clip. 
With the rod held stationary as shown, hold a lighted alcohol 
^burjier about 15 cm below the open e^id of the bag on tj:ie 
right. 

Caution Be careful no! lo let (he hag caich Jif'c! Keep, (he 
hurner under (he bag for JO seconds. 



Alcohol ttiu iiMid lot fiK.t litno II 

would probably tx) a good opporluOUy to rfe- 
(Mnptiayizo lab tsMU^Iy, 0'»f)ocialiy concerning 
the disponsHKj alcohol tor iho burners. 
Mnko It stnndnf^i procodtiro never to lill any 
burners while oti jr llghicd burners are on the 
t.iblo If pussit)lo. IHl them in ;i r,(?pni;no room.^ 
Wipe up any ^pllls immediately Avoid lotting 
fumes concentrate in tho room. Don t walk 
aiound ifio room with a lighted burner. Don t 
let tho flamt' continue whon tho fuel is gone 
Don't till burners more than about half full. 
Don t have too much wick exposed. Keep 
cupped when not in use*. 




N ACTIVITY 1-X Remove the burner, extinguish, it, and gently 
lei;90 of the oar. Observj^ the bag for several minutes* 




Balance 
rod 



Alg)hol 
burner 

□ 1-6. Describe your observations from Activity 1-7, 

□ 1-7.; According to yojur observations, which has the greater 
mass, the bag of warm ^ir or the bag of cppl air? 



After observation, the students should uJ>e 
care in removiog ^he bags from tho ba^a^CQ 
rod. There Is'iiO .fjyasot. wiiy the same bags, 
cannot be used several times If they don't 
catch on t»''e. Emphasize safety here again. 
What should bc5 tite proceduie if a bag does 
catch on fire? Would it bo wise to have a paif 
'5f- water "Viandy for dunking it? 
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You may want to fofof students to the Volume 
J^particlo moUot montionoci horo. if toxls are 
available. It is discussed in. Chapter 21 of the 
Lov6l I text/and In Part B of Excursion 1-1 
in tho Levjel II text. 



Figure 1-2 
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The particle uukIcI (o* nutter Iroiii Volume 1 ol ISCS 
siiggcsted tliat heating a substance causes the particles of the 
substance to spread farther apart. Thus, the particles in warm 
air can be thought of as farther apart than the particles in 
cool air. This idea is illustrated in I 'igure 1-2, 



Particles cl^so together 



Particles far apart 




Cool air 



Warm air 



ni'-S. The bags jfjiown in Ingure T2 have the same volume. 
Which ha^^ more gas particles per volume? 



* f 
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No intensive work has biaen done* In the pre- 
ceding levels of kpCS on Ipuoyancy and dis^ 
placement- But th^ expianation here, with the 
ipprk analogy* should ^uiiice. 



It seems reasonable tatliink that the bag u^ith the greater 
number of air particles u^ill liave more mass arid therefore 
be heavier than ^he bag u^rth fewer particles. Because the 
bag of warm air is lighter than the bag of cool air, it is pushed 
upward by the heavier, cooler air tliat surroujids it. ft be- 
haves somewhat like a cork that is held under the surface 
of a liquid. Just as the heavier surro.unding water pushes the 
cork up when it is released, so also the surrounding heavier 
air pushes the lighter, warm air up (Figure 1-3). 



Figure 1-3 




Balloons of all sizes, sonut carrying animals and machines, 
havtn>een propelled upward by the lill ot hot gases. Man\s 
first flights into space were aboard sufh hot-air crafts. Per- 
haps youM like to try making your own balloon, 11" so, get 
it partner and get going on. Excursion 1-1. , 

The fact that warm air rises and cOol air descends will 
prove to be very important in helping you explain weather 
conditions. 

— But to Ja^itifi aiiLXQi^ wauncd? . li it a.ie&uJ.i^(:>f „ 
sunlight, or the lack of it? Does the earth's surface have 
anything to do with this cooling and warming? 

Get a couple" of j^artners to help you find the answers to 
.^hp^?._queMipjis^ equip.- . 

ment: ^. <> . 

5 Styrofoam cups , ' 

5 thermometers 

Scissors 

1 floodlanip (or 150-watt bulb) 
Water at room temperature 
Dry sand 

Finely cruSicd dry charcoal 



Fxrurrnon 11 should bo Uin, but it (loos ro 
quire sof)>e buporviSfon. \{ ufsu foquiru?5 that 
a large plastic dry-cleaning bag bo brought 
In from homo 



Clean air dorivas very littlo. if any. of its heat 

solar hoatTng system thcT^ radiant energy 
passes through the atniosphero to heat sur- 
faces that absorb tim -rays. Those surfaces 
then pass the heat to the surrounding a(r by 
conductiofi. and this heat Is carried aloft by 
- corxvoctum. T4io solar radiation and^the-a*^do 
not constitute a subsystem, because they are 
not directly related. 



ACTIVITY 1-8. Carefully cut the tops off the five cups about 
3 cm from the bottom. Save both tops and bottoms of the 
cups. 

Tops . 




3 cm 



e 



Bottoms 



e 



ACTIVITY Fill one cup with water at room temperature, 
one with dry sand, one with wet sand, one with dry crushed 
charcoal, and ond with wet crushed charcoal. Arrange \t}e 
cups In a circle. , ^ Dry sand ^ 



Water 



Wejt charcoal 




Wet sand 



Dry charcoaf 



Charcoal briquets wIM work fine ^'when 
crushed. This can bo a messy operation, and 
it was suggested that you might want to do* 
It ahead of time in your preparations for the 
chapter. Sand and Crijshed charcoal can bo • 
kept on tiie supply table in jars, and students ' 
can return the materials to the respective jars 
upon completing the activities. Be sui'e to 
have separate jars for wet and dry sarid, and 
wet and dry charcoal. 
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If tho thefmomotor bu 
. deeply, it will fvuuiro loo I 
to poneiUate by conduction 




covcfotl too 
^0 a lime tof heat 



ACTIVITY 1-10. Place a ther;|iiometer In each container: £ach 
thermometer bulb should be covered by no more than ^ cm of 
fnateri^l« 



Thermomotors 




ACTIVITY 1-11. Hang a 150-watt bulb about 30 cm above the 
center of the circle of containers. Don*t turn the light on until 
you have recorded the Initial temperature for eBc\} container. 
Record your readings In Table 1-1 of ypur Record Book. 



You will probably want to rig up some mnnner 
of supporting the iamp 30 cm above the con- 
^lainers. Throe melersticks could bo used as 
a tripod; two pegboards on end with a meter- 
stick between them will work, bogks can be 
stacked for the same purpose, Two sotups 
sh^ld suffice tor tho whole c\^s, leay)*ng the 
ap^ratus in place. ' *r 



FIdpdIamp or 
lb|-waU bulb 
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Temperatures should be taken 1, 3, and 5 nvtnutcs ivJtcr 
the light is turned On. Then again 5 minutes after the light 
turned oft. ^. 



Table 1-1 



THERMOMETER READING (^C) 



Maierial 


Light Off at 
beginning of . 
Expcrinieni 


I Light Turned On 


Light oir 
Alter 5 Minutes 
Cooling 


^Aficr 
• 1 Minute^ 


After 
3 Minnies 


After 
5 Minutes 


Walor' 






J : 






Dry sand 












— rWe^ sand 
















Dry charcoal 












Wot charcoal 






V 







\ 



Graph the data from Table 1-1 on ['igure 1-4 of your 
Record Boole: On ihe graph, each of the five sets of data 
should be represented by a dilfcrcnt line (see key). Number 
the temperature lines at left so that the beginning tempera- 
tures are near the bottom line and the hidicst temperature 
reached in any material is near the top. Remember that the 
temperature division's on the lines must represent equal 
degree ihtervals. ' 



Some students mayoslill noed help in con^ 
structlng or interpreting graphs. 
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Figure 1-4 

Key. 

Vyater 
Dry sand 
Wet sand 

brycharcoal 
W^t charcoal 



OOOO 



4 6 

Time (in minutes) 



10 



9 




1-9 through 1-13. Tho dry solids hoolod more 
rapidly (and coolod moro rapidly) than tho wut 
onos. Tht) slywetU to heat was water. The 
probablo order, from greatest temperature 
change to leM^ would bo drvcharcoal. dry 
cand. wot ^^haSW^oLsai^^^ .tQ r . bo*^^ 
the heating ar^d the cooling, U better students 

8' sK why thl» Is so. you can explain that It Is 
ue to a combination of factors: (a) how much 
radiant enargy is absorbed and how much Is 
aetleclQd XdarH substances are better absorb-^ 
ers ttian light; water is a better rotloctbr): (5) 
what tho speoltic heat of the substance is 
(how much heal it takes Jo raise the tempera- 
ture of a unit mass of a substance one degree: 
water has the hlghe^it specific heat): XC) what 
the mass of tho substance Is; and (d) even the 
wavotenath of the radiant energy (some 
wavelengths are absorbed better than others 
by certain substances). 



V 



The Name light :>honc equally on all ihA,^ ukUokiIn lor the 
sami? period ol lime. Yet the temperature ol some materials 
increased more than ihe temperature ol others. 

ni-9- Of the dry materials, whieli showed the greater tem- 
perature change, the dark (charcoal) or the hglu (sand)? 
Whi^ cooled taster? , 
ni'10. Of the wet solids, which showed the greater te mper- 
ature increase? 

ni-11- Did the dry solid show more temperature increase 

than tlic same solid when w^^? _ 

[7li^12» Did the temperature of the water increase as mucli 
as, the temperature of the solids? 

□ 1-13. When the light was turned ofl\ which of the sub- 
stances cooled the most in 5 minutes? ; 

This last invesiigaiion you. did should havn; made a couple 
of things rather obvious^ 

1. When light reaches a surface, the temperature of that 
sifpi^ice will increase. 

2. | Diflerent kinds of surfaces show'difterent rates Of heat- 

ing and cooling. " 
It is reasonable to expect that tl>e air above Uie earth's 
surface will be warmed or cooled that surfac^\,. ^ 
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I'roin lime (o time iii (his unit, you will be asked h) do 
wliut arc euUed Piobloin liicakji. These are proi)lcnis lor you 
to solve, without much help from your book or from your 
teacher. 1 he problems will ust^ally help you understand what 
you are studying in the chapter, fiul that's not their major 
purpose. They are desighed to give you practic(£ in problem 
solving and in settmg up your own experiments. You should 
try every problem break—even the tough ones. And in most 
^ cases you should have your teacher approve your plan belorc 
* trying it. The. first problem break in this un t is coming up 
next. 

This is the first problon break In the unit. 
More than tho normal f mount help and 
direction Is given, with tl*s In rn/d. You slill 
-may waiit 16 cfiecTt rathor\io^^ see that 
students are following through on their oxper- 
PRORI PM nnCAU -I ■• nnd rtot just CQpying from one an- 

HHUULbM BREAK 1-1 other. And they might be urged lo go a little 

It has been suggested that the air at different points on 
the earth receives different amoi^nts of heat from the earth. 
The amount of heat depends oii the kind of material that 
is beneath the air. But is this a reasonjiblc idea? You can . 
find out with a few measure'menl^ in the area around your 
school. Design your own plan for collecting data. A sugges- 
tion for preparing your thermometer for outdoor use follows. 



ACTIVITY 1-12. Bend a coat hanger as shown. This can be 
usecl as a thermometer support. 



Coat 
hangar 




\ 



beyond tho statod problom. Kor Instanco. 4ro 
there more than 4 dllforont kinds of surfaces? 
JJjUr l0mpBriilura dUfefiixlos€Mo t*ie ^foiind 
what about tho vanatlon at, say. 1 muter 
a^ovG the ground? 2 meters? 



■ 3,. 
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NotQ the constraint to yet yoyr permission to 
go outsido. vfeu micjht want to'sper)d a little 
class time discussing the^sponsibilities that 
accompany the privilege) Then too. you 
should investigate Iho admlnistratlvo appro- 
vals that are necessary belorehand. Thel^e will 
be several placos-in the unit that will call tor 
outdoor activities, sometimes quite frequently. 
Chapter 2 and subsequent ctiapters for the 
weather observations. Excursion 1-1 with the 
hot air balloon, and Excursion 5-2 in work>rv" 
with a nephosoQpe are examples. 

Did students remember to control the radlanl 
energy variable-readings in sunlight or in 
shadow? 



1 



• VI 5. The explanation given should be in 
tftrms of up-and-down motion of air. and 
not relative to the pilot's maneuvering of the 
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ACTIVITY 1-13. To Insulate the ttiermometor trom winds out- 
doors, use the bottom of a Styrotoam cup. (You cdn use one 
of the cups Irom Activity 1-9.) Then suspend the thermometer 
from the coat hanger as shown. 




Get pernii.ssion from your teacher to go outside, to locate 
at least four different kinds of surface as close .together as 
possible. Be sure to get your temperature mcasQremcnts m 
the S«ine way at each place. 

In the space provided in your Record Book, record your 
plan, the 4ata you collect, and your conclusions. 

□ 1-14" Did the temperatureof theoutsidcairvary,dcpcndmg 
upon the surface under it? 

The temperature of the earth's surfaeiTcan be expected 
to have quite an efiect on the up-and-down motion of the 
air above it. This air movement has a great effect on weather. 
It is the first step in building the thundercloud mentioned 
earlier. ' 

. You might find it interesting to know that up-and-down 
air has some rcajl f fleets on aircraft. 

□ 1-15. Explain the motipn of the glider shown in Figure 
. 1-5. ■ • • 



■r. ••<■'. . ' 



1 




FlQur* 1-5 



8«IOr« goino on, do Soif-Evaluatlon 1 in your Rocord Book. 



GET IT READY NOW eOR CHAPTER 2 

You are facediWith the problem (if you have 
not already solved It) of locating the weather 
instrument furnished in the kit. Note that two 
are furnished, with the idea that i( one could 
be placed outdoors, the other could romatn 
In the classroom for instructional an<^ refer- 
ence purposes^ There are at least 3 possible 
solutions for th0 weather watt:h: (1) If sscurtty 
Will permit, moi^nt the Instrument in a perma- 
nent position so that it gets the unobstructed 
wind from all directions. The location must be 
accessible to the i^tudents for reading, and 
relAtivety safe td avoid damage. Screws fur- 
nished with the ; instrument may b^ used to 
. fasten it to an Upright support. It should be 
oriented with *'S\* pointing true north. 
(2) if danger from vandalism is too great and 
you cannot leave! the instrument outside, you 
will have to devise a method for making it 



portable. This might be done by mounting it 
pn a 2 X 4 support or other upright about 
2 meters long. You will n4ed a permanent 
bSiSB support set up outside so that when the 
in^rument l^carrisd from the builc^ing and 
erected, it is always oriented in the proper 
direction. The location should still be one that 
has no obstructions for the flow of wind. Note 
that in this case the rain gauge will be in« 
operative, because the instrument will not be 
in a position to catch the rainfall at all times. 
Perhaps you can supply the data on dally 
precipitation from newspaper, radio, or TV 
weather reports. (3), Your school may have 
a permanently mounted, remote-reading 
weather station; data could be collected from 
this every day. 

The student weather watch i^ to continue for 
4 weeks, so an adequate and reliable solution 
to the problem Is of utmost importance. 

. % 
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EQUIPMtNX LIST 
Per ciass 

2 w^^th^r Instruments 



Weather Watch 



Excursions 2-1. 2-2, and 2-3 are keyed to this 
chapter. 



Everyone is interested in the weather, and almost everyone 
tries to predict what U will bp. Some folks stpcnd all their 
time studying weather patter^is/ These people are called me- 
teorologists. They want to be able to explain weather 
* changes, and they try to nrialce accurate forecasts. 

As you continue your study of this unit, you will do a bit ; 
of your own weather forecasting. What you have learned 
about air will help. But yoU will also need to collect data 
on daily weather conditions. To do this> you need lo estiiblish 
a "weather watch/* , . 
; You will need a record of the daily weather in your city 
or town during a period of about four weeks. To get this 
inforination, you'll need to keep a weather watch — repeated 
\jihiecks of weather instruments. During your weather watch, 
. you will measure certain .weathelr- variables every day, in- 
' eluding weekends. As far possible, measurements should 



|f#|:' made at the sfime time each day. Most of the measure- 

fep^^:/ ; m will be made usirig an instrument like the one shown 
in Figure/2rL Or, if your school has one, data can be col- 
Kfi l^^^tcd from a;Wcather station that has :severat different in- 

mM^ ', ' . stninients*:-.- • - ■ ^' ■ • ^ ' ■ - \ ' 1 • • . - 

^^^^^^ ■ ■■■ > " ■ 



CHAPTER EMfniASlS 

Regular, systematic observations of 8 differ-, 
ent factors are begun lor a 4-week period. 



Chapter 2 




MAJOR POINJ^ 

1. An important procedure In making roliablo 
observations Is to control variables, such as 
time of day. 

Each separate weather measurement Is a 
variable that cannot be controlled. 




3. Temperature reMlngs on dVie scale can be 
converted to another scale. 

4. Wind direction is recorded as the direction 
from which the wind blows. ^ 

5. Symbols can be used to designate some 
weather oljservations. 

6. In rough figures/ 10 inches (25 cm) of 
snowfall equals l inch of rainfall. 



If you solved the problem of students making 
their own weather observations, the entire 
unit will moan more to them. Behavlorally/ it 
'^wlll Increase their awareness of \lfeather con- 
dition<^and of the. Interrelationship of the 
weather variables. Moreover, It wlll.give them 
a feeling for systematic $cientlflc observation 
and,f;iat^ recording over a long per(od,of time,- 
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Figure 2-1 



> Rain gauqe 



Thormomelar 



Indicatos total rainfall * 



Total rainfall 




Wind speed 



Indicates g 
wind direction 



Indicates 
wind speed 



Students will need sorne encouragement (and ' 
prodding In some cases) to be systematfc and 
regular in weather observing. This will be 
especially true as they get into the latter part 
of the 4-week period. Depending on how yog 
solved the weather observation problem, you 
may vyant to have teams take dally observa- 
tions, with a different team doing it each day. 
The data then could be made available to the 
.entire class for the individual charts. But It 
would . be better if each student could make 
individual observations. 

Th(9 "Conversion Excursion," 2-3, Is keyed in 
.the note, on pag6 tQ. It Is usable at this point 
for converting Fahrenheit to pelsius. 

Point 4 may require reinforcing. 
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In your Record Book, you will find a weather-watch chart 
similar to the one shown in Table 2-1, Keep your four-week 
weather-watch data in this chart. 

Here are some suggestions on how to make and record 
your observations. 

L Date: Record the date you take your reading. 

2. Time: Record the time you take your reading^:.. 

3. Read the temperature in degrees Fahrenheit to the 
nearest degree on the y/eather-statiou, thcrniometen 
Convert to degreeis Celsius. 

4. Wind direction: Use the wind direction on the weather 
station. Remember I Record the direction from which the 
wind blows. . » 



Table 2-1 



^r: . Wcaihcr-Wutch: Chart •• '"(f • ^t':: ' ; ; 
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It might bo wiso to check Table 2M in the • 
Hocord Book oaHy In the 4-weok period so 
that students will be aware Hhat thoy- must 
regprd observations dally. ' 

Note that the last three rows (pressure, rela- 
tive humidity, and dew point) will not t>e filled ♦ 
in at the beginning. Pressure will be a'yded in 
Chapter 3^ relative humidity and dew point in 
Chapter 4, 



With the Instructions to the students to make 
observaticfns on tli6.weekends, it will b"^ help- 
ful for them to do Excursion 2-1. The excur- 
sion contains the visual clues to the Beaufort 
scale of wind speeds. Thoy might copy the 
table to take home with them for weekend 
U3e. 



5. Winid 'speed: Use the wind speed ihiicator on the 
weather station. Record the high and low wind speeds 
observed over a one-minute period. For example: 
"From 5 to 8 miles per hour.'^ 

Excursion, 2-1, "Blowin' in the Wind/' will help you use 
the wind speed and wind direction indicAtors. on the ^^^KtilJltMrilk^l 

weather-station instrument correctly. • 

6, Cloud type: The photographs in Figure 2-2 show the , . » 
three major types of clouds (cirrus, stratus, cumulus). 

1 (Excursion 2-2, "BiUboards of the Sky," will help you 4 =^X#ilJ ''•Ik'' I 

. identify additional cloud types.)- Use these various pic- ^ ' ' 
. ' ture^^o identify clouds as you kcjep your weather watch. 

- Write down only the symbol for the name of the cloud 
• in Table 2-1. These symbols are given under each pic- 
,;;^: vture in Figure 2-2. : ; r . 



Excursion 2-2 Is an interesting pictorial expo- 
sition of common ck>ud typos that should be 
helpful. 
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Cloud cover: Estimate how much of the sky is covered 
by clouds. Use the lol lowing symbols to record your 
data: Q forcl^jir sky; (J for 25% (^) of the sky covered 
by clouds; ^pTor 50% (^) of the sky covered by clouds; 
for 75% (|) cloud cover; 0 for complete overcast. 
8- Precipitation: The rain gauge on the weather station 
will keep track of rainfall for youv Rainfall for a given v. 
day is the amount or /i^>v water in the cup since the 
day before. Snow is also precipitation. Measure the 
deptli of snow at some point where it has not drifted. 
To determine the rainfall equivalent of snow, divide the 
number of centimeters of snowfall by 25, (Or, if you 
measured depth in inches^ divide your measurement by * 
10.) * 
9. In rows 9, 10, and 11 otthe chaYt, you will add several 
more items to your data table as you study the remain- 
ing chapters* 



^ vNote The \veatfier-:;tation hmrumetit is calibrated in the 
y^!'. English system. Therefore, yoii must make frequent conver- 
; -^ions {changes), to the metric system. , Excursion 2-3, '*7he 
j!^;;/ ;s;^jC^it^^ mil help you with these changes. 

y^>wr weather watch is to continue lor four 



. GET IT READY NOVV FOR CHAPTtH' 3 

You wiH nefod large and small baby-food jars, 
plastic tap6, ^iind scissors or knifo suppNod 
locally. You could also use more Ico for Prob- 
lem BroaKf'3-2. Tho aaoroid barometer should 
bo mounted permanently In tho room, and 
should noV be moved to student desks or 

.carried around the room, it can be adjusted 
to atmospheric pressure corrected to soa 
level by calling tho nearest Weather Bureau 
Station, or by comparison with an already 

"COfrecied barorhieter, ^ 



Figure 2-2c Stratus clouds (St) 



The rain gauge on the instrument can prove 
to be a problom; Not opl^ mus^.lhe Instrulh^n't 

'be in place all the time to catch theism- l^ut 
the gauge. ^ould be' emptied each day. at tl^e 
same time. That means that students taklhg ^ 
readings after that time;will need to get tne 
daily rainfall from those who emptied tho^ 
glass. Each time the glass is emptied, the 
slider on the top. can l>e moved the appro- 

;prlate amount to record the total rainfall for 
a particular period. Note also that the 10-to-1 
ratio for snow to rain Is only a generality. Wet, * 
heavy snow may have a ratio.as low as G-to-l. 

• while in dry.. fluffy, new-fallen .snOW tho ratio, 
may be as high as 30-to-1. 



^J :WecJcs, including weekends if possible. 



Excursion 2-3, keyed hore. will be useful^ 
rthfovghout the unit. 
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Rtqorcl. Book.. 




The systems approach la particularly apropos 
here, but actMally the 'entire unit might be 
conslderecl In the light of systems. For In- 
stance, there are cloud systems, pressure 
systems (highs and lows), and frontal systems 
(cold, warm, occluded) that will be studied In 
later chapters. And of course there aro sy$> 
tema of air masses thot interact with each 
othe^. to form ^h9 frontal systems. 




Warm spot 



Figure 3-1 



When studying complicated situaiions, scieniisis concen- 
trate on only a part of the total situation. This is called usinj> 
a "systems approach'' in investigations. 

If you usjL^d the ISCS Volume i or Volume 2, youVe used 
the systems approach many times before. In u>>ing the sys- 
tems approach, you concentrate only on that part of a com- 
plicated situation in which you are i;itercslcd. That part of 
the situation is called the system. The rest of the situation 
can be ignored, except when you want to pay attention to 
the input to or output from the system. If you wish to exam- 
ine s*me ever smaller part of the system, you refer to it as 
a subsystem. 

Figure 3-1 will help you take a systems approach in seeing 
liow ai,r is aflected by "altitude (height abovethc earth*s sur- 
face). The total atmosphere can be thought of as the situa- 
tion. 1 he vertical column shown represents a colurpn of air 
extending up from the earth's surface. This column will be 
the system you will study. Two cubes have been drawn within 
the column. They represent ciibes of air. You can think of 
them as subsystems of the column of air. Air from outside 
the column (the system) can flow into the cubes (the sub- 
systems). And air from inside the cubes can flow out of the 
column* 

• o ■ 




Assume that the column of air shown in Figure 34 is 
standing over a warm spot on the earth's surface* 
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□ 3-3.. Which cube of air would be warmer? 

□3-4. As air cube A rises, what do you predict will happen 
to its temperature? 



Uosc.1 to the surtace ,s warmed the most. Generally, then 
th iarther the a.r .s from the earth's surface, the cooler h 
will be. Thus cube A in F.gurc 3-1 should have a hi.her 
temperature than cube B. • ^ 





If slutlents accept llio cot.cupt that tha farthoi 
air IS fr&m the earth s surface, the cooler It 
will be. on the basis of thoso statomonta anu 
. as a result of tho.r investigations in Problem 
Break 3-1, fine. The implication here Id thai 
the decrease In tempornture is due to sopara 
tlon from the source of hoot (the warm spot) 
only. Without going Into rather complicated 
Subject matter, this Is about as tar as tho 
reasonnn can yo. But for your information 
and not for tho students, tho coolino can bo 
explained a little more. When air rises it rs 
subjected to loss and less pressure It ex- 
pands in response to this decreasing pressure 
according to Doyle s Law. p x v k which 
states that pressure and volurtte are inversely 
proportional... As one_ goes dOwiu_tlie-other - 
goes up. E^ansion agalrtst pressure consti- 
tutes work, and uses energy. The energy ex- 
pended In this process Is heat energy and the 
effect is to cool tho air. Meteorologically this 
s called the adiabatic process, and It occurs 
for the same reason that a tiro pump gets hot 
when you pump up a t.re. or air teels cool 
when you lot it out o( the valve, releasing the 
pressure and letting it expand 



Figure 3-2 



PROBLEM BREAK 3-1 ^ 

Design and conduct an investigation of how air tempera- 
ture vanes w.th altitude. Record your plan, the data you 
coUect, aiW thc^conclusions you reach in your Record Book. 

□3-5 According to Figure 3-. I. which cube of air has more 
air above it, A or B? 

□3.^6yWhich cube of air would have more weight on it from 



You may be a bit concerned about question 3-6 In fact 
you may wonder why such a question was asked. Is it reason- 

and finH . r""^^'' I'^''^"^ ^^'^^''^ "^^t activity 

and find out for yourself. ^ 

You will.need the following materials: . . 

1 balance rod, with 3 balancing clips V 

1 balance, rod wire support , . . 

2 baltoons of equal size # 



Problem Break 3-1 is not easy to do. You may 
have to give some hints to get students 
started. Using the protected thermometer as 
they did In Activity 1-13. they can measure the 
temperature at ground level. 1 meter and 
2 meters, but beyond this might prpve difficult 
Possibly temperatures tflken out of upstairs 
windows, or out of windows In multi-story 
buildings might give some data. For your In- 
formation, the decrease in temperature with 
altitude, due to all factors and not just expan- 
sion" of air, is called the lapse rate. The aver- 
age lapse rate (If .there is such a thing) Is 
about 3.2°P per 1.000 feet orCe-C per lOOm 
But be careful. On a clear, calm night the air 
close to the ground (10 to20.n)t}an be colder 
than the air higher up. 
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You probably renUze nome ol the sh^^t- 
con^.tn(js of this exp^tifnont Tho ifi'i'»T« -t ; 
loon e>f)On filled witfi air «il room n^fv . 
has more buoyancy (it^isoiacos ♦ 
volume of room air) than t^f> o<Miatt j o- 
the balance is not exactly measuring th€ mdsi> 

,of the a»r In the balloon Bui Ihe slight 
crease In pressure inside the Domooo oue^ 

^push ih.e air panicles closer togethor sc vw 
balance should show a greater maar- tor t^^ 
inflated balloon Incidentally have r»tuci«'i::> 
save the balloons. 0oth can be used ti<jj n 
the knotted one can be used for the up- 
coming activities on the construction of V\e 
bar09ietac. 



ACTIVltv 3-1. Fatten th# two balloons to the clips at shown. 
Balanca tha rod by moving the third clip. (You may hava to 
mova It acrptt tha wira auppiKt) 




Btlloon 



I 

4.. , 



ACTIVITY 3*2. Ramova ona of tha balloont, Jblow H up, and 
knot tha nack. Placa tha balloon on tha tabia for 5<-10 min* 
utas« Than reattach It to tha balance arm. Hold tha arm level, 
then gantly release It, and observe what happena. 




3-7. Siudent observations should reflect an 
awareness of an increase in mass of the in- 
flated balloon. They would not be expected 
to realize the implications of bupyancy men- 
tioned at>ove. 
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The breath you blew into the balloon is warmer than the 
room air. That is why you were told to wait a few minutcjh 
before comparing its inass. This wait gave it time to cool off 
a bit 

□3-7* Explain your observation ftom Activity 

Now think again about the column of air from Figure 3-1. 
Every particle of aiJ exerts a ddWnward weight force. All 
these forces together make the total weight of the column 
of au:. 



i4 



□3^, Which cube of air (A or B) has more weight acting oq^ 
it from above, in Figure 3-1? 

Your answer to question 3-8 should have been "cube A/' 
This is also the artswcr to the earlier question 3-6. 

The total weight of a column of air on imaginary cube 
A results in the air pressure on that cu.bc. 



or nowtons Pressure units a^e pounos per 
SQuaro inch, or newtons per squarf* moier (or 
other combinations of force per unit area) 
The tpta^^/oight of a column of a?r results if\ 
the pressure -on th6 c^ibe. but the pressure 
would have to be expressed m this weight on 
a piUticular area 



□3-0. How does the air pressure on cube B compare with 
the air pressure on cube A7 



Figure 3-3 suggests how particles in. a column of air might, 
be expected to look. 

Ftguro 3-3 




Earth's surface 




You may want to check your understanding of the term 
* pressure. If so, turn to Excursion 3-1. 
^ By now you should expect that air pressure will decrease 
as altitude increases. But.you may wqnder if air pressure can 
vary at the same altitude. For example, does atmospheric 
pressure vary right at the earth's surface? 

To answer this question, you need some way of measuring 
atmospheric pressure. The next activities will show you how 
to make such a device and^^^pw it works* 

You need a partner and the following materials: 

1 balloon . • 

1 baby-food jar (must be^large size) 
1 rubber band 
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.Exoursion 3-1 will enable students to work 
.vttr^rhe Jdea ot force per unit area meaning 
pressure. 



CHAPTER 3 



1 



Tho saal r :u> Important that yolli^lght want 
to havo iiidonH tisc a riocond tightly 
^IfQtchoO lubboi baful around the jar 



ACTIVITY 3-3. Cut the end off the balloon and stretch it, over 
the mouth of the Jar. Be sure the rubber balloon Is stretched 
taut. Then have your partner fasten it in place using the rub- 
ber band. The band will have to be doubled once or more 
\o make a tight seal. This seal Is very Important. 



Balloon 



06 you havo a vacuum pump with boll jaf. 
available? This relationship of inside-outsiJe 
pressure can be vividly illustrated. A partially 
inflated balloon inside tho bell jar also makes 
a good demonstration. 




What you have jusl made h$ the basic pari of an aimos- 
pheric pressure measurer. Before tinishing it, however, lefs 
use the particle model, to explain how ii should work. 

Air is both inside and outside the jar. The. particle model 
(discussed in ISCS Volume 1) says that the air particles are 
in motion (Figure 3-4), They are bouncing against the inside 
and outside of the rubber cover. 
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It the jar IS tightly sealed, no more air particles can enter 
or leave the jar. 1 he top ot* the balloon is Hat (not bulging 
in or out.) I'heret'ore, the pressure ol the moving air particles 
against the top ol' tite balloon is balanced by the pressure 
of the moving air particles inside the jar. This i> diagraninied 
in Figure 3-5, with arrows representing forces. Foice 1 is 
equal lo Force 2. 



Figure 3-5 



If the particles inside the jar exerted more pressure on the 
rubber covering than the particles outside, the covering 
would bulgQ upward (Figure 3-6). la thai case, Force 2 would 
be greater than Force L - % 




s 



.{ 




. Figure 3-6 



□3-10. What would happen to the rubber covering if ihc 
forces (pressure) outside were greater than the pressure in- 
side? (Show your answer by completing the drawing in Fig- 
ure 3-7 in your Record Book.) 



Changes in aloibcpheric pressure arc rela- 
tively small, so students should not expect 
great changes in the sfiape of the rubber 
membrane. 



TV 

u ■ 
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The flexible rubber covering allows ihc volume of ihe air 
inside the jar to chan^^e. When llnr air pressure outside the 
j^^r^ inprea.ses, the rubber ^allooii bulges n\, VVheti the air 
pressure outside is lower than it is inside, the rubber bulges 
out. 

You c^n add. some additional parts. to the jar tliat will 
make it possible to measure very small changes in the move^ 
meat of the rubber cover. To do so, you will need (,hc follow- 
ing materials: 



1 "Aplastic straw 
1 tongue depressor 
4 rubber bands 



I small baby-food jar 
Plastic tape ; 
Scissors or knife 



ACTIVITY 3-4. CMt.one end Qf the straw at W iA^gte to make 
It pointed. *^ 



Various other materials may be used to fasten 
the straw to the balloon membratie. Candle 
wax. plastic cement, or rubber cement have 
been tried^Whatever method is used, be sure 
that students fasten only the tip of the straw 
to the balloon^ and right in the CQAtor, 
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ACTIVItY 3-5. peptly place a one-inch strip of plastic tape 
on the unc^t end of the 9trfiw as bhown. ^ 



// 


1 in tape 






\-.,. ■ 


L 








\ 



\- 
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ACTIVITY 3-6, Tape the uncut end of the straw to the center 
of the balloon as shpwn. Run your finger rjail ajonQ the tape 
on each side of th^ straw sp that It Is held tightly, to the 
balloon, both in the center and at the edge of the Jar. 





Tape 



-1- 

\ 



ACTIVITY 3-7. Attach a tongue depressor to the second jar 
as shown. • / 



ACTIVITY 3-8. Place the two Jars side by side on a level 
support (s^ch as a l^e book) so that the pointed straw is 
In front of the tongue depressor. Mark a short line on the 
depressor at the point of the straw and label it 0 to show 
the starting positio n.. ^ _ 




Tofigue 
depressor 




barrels 



If tho instrutnont neods to be moved very 
much, a pemiaiiont base, such as n boaid or 
heavy cardboard should be used, so that the 
jar doesn't tiavo to b.o'lTandled and the two 
i jars remain orionled the same. 



^ith the tongue depressor's scale in'^lace, your atnios- 
phcric prejjsulje measurer is complete. Let's see how it works. 
Figure 3-8 shi^iM help you see this. 

When the air pressure is equal inside and outside the jar, 
the pointer remains jn zero (Figure 3-8{i). WhcA tliere is an 
increase in air pressure outside the jar, the cov^^^js forced 
down. This moves the pointer up (Figure 3-8b). 



Figure 3-8 



More air pdrticJes, 
Increased pressure 




3-13. Tfio student answor should toll how 
atmospheric pressure Is detected and meas- 
ured. (Example: Observe the pointer on iKe 
atmospheric measurer device ovorrJTperiod of 
time. Movement of the pointer «haws chang- 
ing atmospheric pressure and the amouctt of 
movement shows how mucl> cliahgo.) 



□ 3-11. How will the pointer move if the air pressure oulsiUe 
the jar is less than thai inside ihc jar? 

□ 3-12. Give an operational deliniiion of ainiospherie pres-. 
sure. 

If you understand how your instrument works, you should 
tixppet the pointer tcvwovc down from zerc) on the seale if 
the air pr.essUre>leer^ascs. The pointer should move up from 
zcfo if tluMiM^pressure increases. 

The measuring device you've made is called a barometer. 
It can be us^^d to measure atmospheric pressure (air prcs- 
suxer) However, its use is somewhat Hmited. 



3*16. A decrease in air pressure (The Ip- 
crOase in pressure inside thf jdr ha^ the same 
relative effect that a decrease In pulslde air 
pressure has.) 
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ACTIVITY 3-9. Zero^the pointer. Thkn hold your hands on the 
sides of the Jar for several minute^wlthout moving it. Note 
what happens tp the ppinter's posit^. 




□ 3t13* Did the pointer move? If so, in which direction? 

□ 3^14. bid putting your hands on the jar have the same 
jcirect on the pointj^r as a change in air pressure? 

'□ 3^1 S^Whaf kind of air prCvSsure change would produce thc-^"^ 
sanje result as your hands did? (An increase, or a decrease, 
in' pressure?) ' ^ 



0{) 



'*^t>»g your hantis ou the balloon jar ditln't change the 
pressure ol ihe atniosjihert;.^ But it ilui ehange the pressure 
of the air inside the jai. How can this be? Well, j^ou knoW 
that your hands are warm. If they warmed the jar, the air 
inside would become warmer, loo. TJien, according to the 
Volume 1 particle model,'-the"air particles would move faster. 
This increased motion would cause the particles to hit the 
cover and walls harder. The flexible rubber on top of the 
jar would then bulge out ajid the pointer would move'down 
(Figure 3^9). — 



Figure 



y""'"J'^'^^"^''^^^'"''S^£^^...^9_l*^.!2^^^ changes as/well as 

• to -pressure changes. - ^ • . 

( ■ - . 

\^^^^^f^.l3-16. What eilect do you predict decreasing the teriipeia- 
ture inside the jar would have on the nujvemjmt of the 
pointer from a zeroed position? 

PROBLEM BREAK 3-2 

Find oi^ tfow decreasing the temperature of the air in the 
jar alfects the pointer position of the measurer. Activity 3-10 
suggests one way to go about this. 



ACTIVITY 3^10, Set the rubber^overed jar In a pan of water 
at room temperature. Use a thermometer to measure the tem- 
perature of the water. Have the pointer adjusted so that it 
points to 0 oil your scaiQ. By adding Ice or cold water, you 
can lower the temperature. 

Note the suggestion tor lowering the temper- 
ature with ice. If this route is to be followed, 
you will need a supply of ice ciities again! 





□ 3-17, How is ihc pointer posiiion atlcclcU whc.n Uic tcin" 
pcraturc of thcr jar*s air is decreased? 



ror tho'bottor student, you might want to pose 
tfio rather difficult question of how thci in- 
strumont could bo modified so that It would 
not bo temperature-dependant. Some rather 
!>ovel (and perhaps unworkable) solutions 
cpuld ro9uit» 



By now the permanently mounted aneroid 
barometer should have been corrected to sea 
lovol pressure. 



Figure 3-10 



The accuracy ^of your atmospheric pressure meiXsurer do 
pcnds on the temperature of its surroundings. This of course 
limits its useftilness. It cannot be used eHectively to compare 
air pressure at places where temperatures ;ue different. 

However, it can be used to measure pressure changes if 
positioned where the air temperature remains about the 
same. Of course, the measurer must be zeroed while at that 
location. • ^ ,^ 

However, it must first have a calibrated scale. 1 his scale can 
be made by usirtg a standard barometer. There is one in your 
classroom. It probably looks like the barometer shown^ in 
Figure 
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The scale on your ^oom barometer is probably marked 
in units of length— like inches or millimeters (Figure 3-10). 
Let Us see why pressure is measured in inches, or. perhaps 
; millimeters. 

Scientists have compared air pressure with the pressure 
exerted by liquids. They have found 'the following rela- 
tionship: ' 



A columh or air extending IVoni sea level out to ihe limit 
of l^e cartirs atmosphere has tJie ^ame weight as (a) a 34-f*t 
Ct>himn of water (with the same diameter as the air columny 
and as (b) a 29.9Mnch column ol* the liquid mercury (also 
with the same diametcO. 

Figure 3-11 illustrates this hndirig. ^ 



Figure 3-1 1 



Limit of the 
atmosphere 



V 

i 




60 milo^ \ 



29.9 inches 
'^Mercury 



it might bo uilorOJitmg to note that tho pros- 
5uro oxortod 6y a 34-fooi column of water or 
a 29 S-inch column of rnorcury is uiclopondont 
of the diomotor of Uio column, bocauso pros- 
sure is meabujed li> force per unit area 
Therefore, a 34,foot column of water or a 
29.9-inch column of mercury oxerts about 
14 7 pounds per square Inch pressure, no 
matter how largo In diameter tho column Is 



This relationship means tiiat air pressure can be compared 
with the pressure exerted by a 'column of liquid svich as 
mercury or water Normal air pressure at sea level is equal 
10 the pressure exerted by 29.9 inches of mercufy. 

□3-18. Use the room barometer to determine the air pres- 
sure where you are. 

□3-19. Would you expect^ the barometer reading on a 
mountain top la be dillerenl from that at sea level? Explain 
your answer. 

A bit more information on liquid columns and ajr pressure 
can be found in Excursion 3-2. Have a look if you're inter- 
ested. It will help you understand how your classroom ba- 
rometer Wrks» too. ^ ^ * 



3ri9. Yes. there would be less air above the 
mountain top. so there woutd bo less force or 
weight exerted by it 

Excursion 3>2 begins with a historical treat- 
ment of pressure mearj>urement and then 
discussos Ifie construction of an aneroid 
barometer. 
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FrOfM th»s pcmt bO'omfMnc nr«f;*;vrft can be 
itdcird to »n t^u Record R(\ok 

' rn want to p''Ov»do nomc m«jtfu< n L \ ^» • 
correqt wiiv to get o reodinr) Tho |^ *m;'» - • 
shoiiid be tapped vorf Ughtiy with \Uk ^fuj'-' 
THis fre^li the movement from fnctior^ 
equal importance, tt shpws which way the 
pressure Is changing, which Is a factor of 
more importance than the pressure its^if 



1 



These points constitute a good checklist tor. 
the unit material to this paint, they can be- 
used for smali-oroup discussion or tor items , 
on • test 



As you continue keeping your weather watch, use the room 
barometer. To get pressure measures, also do Problem Break 
3-3 10 get a scale lor your own jar barometer. 



PROBLEM BREAK 3-3 ^ , 

Ask your teacher where you sljould set up your jar barom- 
eter. 

Then zero it in that location. Use the room barometer to 
get the atmospheric pressure ^in inches. 

ACTIVITY 3-11. Alongtid© th» xero mark, writ* tht prMSUi* 



you got from th« room biu«m«t«r. 




Each day, you can add new marks and numbers to the 
scale; that is, if the atmospheric pressure really docs change ^ 



h- scale; that IS, 11 
I in your rooml 



You will have to make provision for the stu- 
dent barometers to be set up In some perma- 
nent position wherp they can be marked daily. 
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SUMMING UP 

i ; , • ■ 

This chapter has taken you beyond the facts that warmer 
air rij^cs and cooler air falls. You have le|mca the foUowing: 

1. As air rises from the earth's surface, the air gets cooler. 

2. Air has weight and exerts pressure. . 

3. The number of air particles decreases with increasing 

altitude. 
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4. As aic rises* the pressure on it from the air above de- 
creases. 

5. Air pressure can and docs vary on the earth's surface. 

» • 

Xhcsc fajpts will be very important to your further study 
of air and weather* 

B#f6f« going on, do Self-Evaluation 3 In your Rocord Book, 





GET IT READY NOW FOR CHAPTER 4 

You will continue to need large and small 
baby-food jars. You will also need tee 
(crushed and cubfts). hot water, and matches. • 
Before students start usmg the sling psy- 
chrometers. you may want to emphasize the 
^exertion .of .rea«onat>.l0 cace. m.svymgmg them 
to avoid injury and breakage And tor working 
with ice and water, studehts will need an ade- 
quate »ut>ply of paper towelsii 
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EQUIPMENT LIST 
Per sludent-team 

1 small baby-food Jar 

2 large baby^food jars 
1 thermometer 

1 clear plastic cup 



1 plastic sandwich bag 
Crushed Ice 

2 Ice cubes 
Mot water 
Matches 



1 slifig psychrometer Paper towels 

Making Visible 
the Invisible 




rt s no secret to most people that elduds are made of water 
We ve all seen water fallmg from the sky. And almost every 

knTw'^h ^7^""''"' "'^"^^ ^^'^ also 

know that the water ni clouds ev^iporated from the earth's 

surface. Sunhght on lakes, ponds, rivers', and oceans changes 
iquid water to water vapor. Trees an^Tbther plants xeleLe 
some of the moisture m their leaves tc>the a,r, too 

But what most people don't know is why the clouds form 
and why they usually form so far above the earth's surface' 
Perhffps you know the answers, or think you!:do. Whether 
you do or not, you should test your ideas withlhe activmes 
in this chapter and the next. 

First, yot5 need to iifVestigate the effect of temperature on 

• ltd 11 vapor in air. You and a partner wil| 

need the following equipment: • , - * 

. - 1 small baby^food jar of crushcd' ice 

1 large baby-food jar half full of water at room tempera- 

1 thermometer 

Aluminum |;an (or clear plastic cup) ^ 



CMAf'U.H F.MMJfASiS 

Invisible walor vapor in the air can bo n.ad- 
visible by condensation, and the amount ». 
water vapor In air can be rnoasurod in term- 
of dew point and relative humidity 
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Hxcursion 4-1 is t<eyoU to the chapter. 



MAJOR POIIVJTS • 

1 - Condensation of water vapor occurs when 
air temperature is lowered to the dew point 

2. Clouds are composed of visible water 
droplets. 

3. It condensation of water vapor ocburs 
below freezing temperature, frost forms 

4. Relative humidity Is a corfiparison in per- 
cent of the amount of water vapor' in the air 
with the greatest amount that air at the partic- 
ular teniperature could hold. 

5. A sling psychrometer is a convenient in- ' 
strument tor obtaining wet- and dry-bulb tem- 
perature readings. 

6. Pre-computed charts can be Used to con- 
vert wet- and dry-butb temperature readings' 
to relative humidity and dew point 

Solid partidea (dust, smoke, salt) provide * 
the surfaces needed for water vapor to con- 
dense into a cloud. 



Eithej a polished copper can. an aluminum 
can. or a-smooth. clear plastic cup can be 
used for dew-point determination 
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ACTIVITY 4-1. Add Ice and water to the can until II Is ^ lull. 
Observe what happens on the outside ol the container. 




- - Babyhood • ' AAtoler - . 



□ 4-1. What did you observe happening on the outside of. 
the container after you added the ice and water? 

□4-2. Oxplain your observation in question 4-1. 

□4-3. Have you .seen this sort of thing happen in other 
situation^? If so, describe them. 

You should have found that a film of water formed on 
the outside of the can. 

□4-4, Where did the water droplets that Ibrmed on the 
outside oC the container come (Voni? 

The ice water lowered the temperature oi the container. 
This caused a lihil of water lo form on its outside. But is 
there a certain temperature at which the moisture^lirst ap- 
pears? Try to find out by using the equipment you already 
have- Before* you begin, empty the container. Dry it, and 
allow it to return to room temperature. 

Water at room 
tpmperalure 

ACTIVITY 4-2- When the container has returned to room tem- 
perature, fill It I full of water at room temperature^. Place the 
thermometer In the water. Record the thermometer reading 
In Tabl# 4-1 In ypur Record Book. * \ 

□4-5. Does moisture appear on the outside o£ the container 
when it is at room temperature? 



In Activity 4-2, it is important that the outside 
of the container be absolutely dry. and that 
the water put into it be at room temperature. 
On days when the humidity is high, even a 
slight decrease in temperature will cause 
condensation to form. Thus, if cooler water is 
put Into the contains . moisture may form on 
the outside before a temperature reading can 
be taken. 



ACTIVITY 4-3. Add crushed Ice to the water In the can, a little 
at a time. After each addition, stir the yvater with the thermom- 
eter. At the moment the water film first appears on the con- 
tainer, read the temperature. 



Add crushed 
Ice slowly. 




Urge :ituc'<^tits to lower the l»^nnpGralure of Iho 
water vory yN-idually, by adding small amounts 
of ice. If It IS dor^e loo rapidly, the teniporalure 
will pabs through the dew point so fast that^ 
the tliermonieter reading will not be the true 
dew point. 




'Note: Do noi brcJllic i>n //u* ca/i uJin'c wui i.w oh^^^mni^ ijw 
ihenjiomeier. 
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Keep adding small amounts of Ice until the moisture forms. 
Record that temperature In Table 4-1 for Trial 1. 

Repeat the activity lo get readings for a second and third 
trial. Record tiie data. Be sure your water js at room temper- 
ature when you begin each trial. If you have ice left over, 
return it to your teacher, or give it to other students who 
need it. * 



By now. students should realize why three 
readings arc taken .and averaged, but you 
might have to point out that it is one method 
of handling experimental error. Once again, 
they shouUi be sure lo dry the cup and use 
water at room temperature each lime. 



Table 4-1 



Trial ; 


Room Temp. 


Temperature. When I'ilm 
of Moisture Forms (°C) 


.1 






2 






,3 






Average 
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( '14-6. What was the average tcniperatiue at which the (ilin 
iJtl^waiei formed? ♦w.. 



Studrfnis who studied energy relaiionships in 
Level I of ISCS m^y appreciate that tor con- 
densation to occur. Uie water vapbr particles 
must give up some ot their energy to the ico 
water This was predicted by the particle 
model for matter. 



4-7. Jl Wilt change to frost (solid-\water parti- 
cles) on the container. (Yon may hnvo a re- 
frigerator in the school in wWch this cpuid J3e 
tried'. Some students may asl<. "Didn t the 
water vapor just condense and then freeze?" 
Not so. Water has the ability to go diioctly 
from gaseous state io solid st£ite or solid-state 
to gaseous state by sublimation without for 
ming a liquid in between.) 



By now perhaps youVc lii;uic<J out thftt"^lhc water which , 
appeared on the can came tVoni the air In'j^our classroom. 
'Water vapor is an invisible gas just hke the air. It became 
visible only when it collected oi^Mfi. ^^"1^^=^^'^ oi' tlie cold 
container. This changing of the gaseous Water to liquid water 
is called condensation. Tirty water droplets form when the 
air leinperaturc is lowered to .sonie very delinile point (called 
{he-dew point). At that temperature,^ the air can no longer 
hold all its moisture. The invisible water vapor from the air^ 
then becomes visible as tiny droplets form. The '^''^P'^^-'^* ,5^^|r_'S* 
formed on the container- because "it 'was m^cjj^ol.d^r than ""^^ 
its surroundings. The air near it was colder than Ihc rest'of 
the air in the room. 

"□4-7. Suppose the temperature of the container had been 
below freezing. What would you expect toSiappen to the 
water in the gaseous form, warm air or cold-' air? 

You can check your answer to this |ast question by pulling 
a small dry can in the freezing compartmcnl of your home 
rcfrigeralorj . .. .[^ 

□4-8. According 4o your investigation, which will hold more 
water in the gaseous form, warm air or cold air? 

Obviously, clouds arenH invisible. You can see them. This 
means to make a cloud, you mu^ make invisible water visible. 
You have just seen one way to make the invisible visible -~ 
lowcr the lei\iperalure of the air. You saw water droplets forni 
.pa the cold surface of ih^ cup. 




---Vi; J '.^i- y>■<:>v^<^rIj■v^^^^^^ia^.>AAA■^■.^^■A 





Before you investigate another way to make water vapor vis- 
ible, you should learn a bit more about water vapor. 

You have learned tha( there is a limit to tlie amount of 
water vapor that air can hold. This limit depends upon the 
temperature of the air. Warm air ean hold more water vapor 
than cold air can hold. You saw what happens when warm 
moist air is cooled. At a certain temperature (the dew point), 
the cooling air conty^ins all the moisture it is able to hold 
at that temperature. If it is cooled below the dew point, some 
vapor must condense as water droplets. 

Meteorologists (weather forecasters) measure the aniounrof 
water vapor' present in air. 1 hey call thispeasure the rclaiive 
humidiiy. 1 he measure is actually a comparison. It compares 
tl\e amount of wat(»r fjipor in $ir at son^e temperature with 
"ihe greatest amount ^that could lDe""in the air at that "same 
t(;mperature. 

Relative buJUidity is defined by this formula: 

Relative humidity >^ \ , 

^ Amount of water v^por in air at certain icmp. 

Greatest amount of ^ater vapor pSb^ibrc in air at that temp. 

X 100% 

^Suppose the relative humidity of air is- 75%. This means 
ti^ayhp air contains 75% of the water vapor that it is possible 
for it" tier contain at that temperature. 

For example, suppose 1,000 milliliters of air at 20^ C could 
contain 20 milligrams of water vapor. The relative humidity 
is 75% if the air qctually contains 75% of 20 milligrams (that 
is, 15 milligraijis) of water in each 1,000 milliliters. 

The figures in that example ore given below to show how 
the fornlula^JusSuJitd: * , 

Relative humiclity 

15 milligrai 
20 milligrjims 



Moteorologists measure the amount of water 
vapour in air in several ^ifterenl ways, one of 
which Is relative humfdUy. 




100% :>S7^ X imo =.75% 



□4-9, What does it mean to say "the relative humidity is 
50%"? 

□4-10. Suppose 1,000 nil of air contains 10 mg of water 
vapor. At this temperature, the same volume of air could 
contain 50 mg of water. What is the relative humidit;^ of the 
air? • •.■ . ■• , • • • 
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SELECT THE 
BEST PHRASE 




BOY/ THE HUMIDITY. 
MUST BE 99% / I 



ii 




WOW/ THE 
HUM\D\TY IS 
AT LEAST \0% 



Humidity 




In view of the importance of the water vapor content of 
the air (humidity), it would be well to include measurei^nts 
of this quantity in your weatherrwatch chart. To do thisvyou 
must learn how to get the data you will need 

You will use a sling psychrometen Activity 44 shows what 
it is and tells you how it is used. " ^ 

ACTIVITY 4-4. Wet the wick with room-tenfiperatura wat«r.^ 
Swing the psychrometer around for 15 seconds* fie carmful 
not to hit anything. Hote the temperatures of ttie dry iMilb 
and the wet bulb. Whirl It for another 15 seconds. Note ttie 
temperatures again. When the wet*bulb temperature reaches 
its lowest value, record both the wet- and dry-bulb tempera- 
tures. 



Wet wick with water 
^ at room temperature, 
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Wet bulb 



□4-11. Record the two temperatures from AcUvity 4-4: 
wet-bulb and dry-bulb. 

□4-12. What is the difference in degrees between the wet-bulb 
and dry-bulb? 

To determine the relative humidity, you will need to use 
Tabic 4-2, First, find the dry-bulb temperature you itieas- 
urcd. (It is in the first column of the table.) That locates the 
row where you will find t^ie relative humidity. 

Move your finger across to the right, until you come to 
the column that has the value you found (difference between 
wet- and dry-bulb temperatures). The figure in the box is 
'the rel*aveltumidUy (expressed in percent). (Se 

for a sample of this procedure.) 



FlQur* 4-1 




10- 



-40 



■to 



lOcril'ai 



Wat bulj^ 
28'* C 



Dry bulb 
32* C 



Diff«rance==4°C 



5?F" 

)ulb 


DIffarenc* between Wet- and Dry-Bulb Temp. 


rami) 


r 1 2* 1 3* 1 1 


» [ 5* 1 6' 


7' 1 8* 


30 


03 


86 


79 ~ 


7 


J 


67 


61 


55 


50 


31 


03 


86 


80 


■ 7 


} 


67 


61 


56 


51 












\r 


"etT" 


"62^ 


57 


51 




03 


87 


80 


74 


68 


63 


57 


52 




1 93 


67 


81 


\75 


69 


63 


58 


53 



For your mforrn^tton the Ctecroahe in tp-^ner- 

aiufe of ttH> vwot ouib <K-e to eYai^O'^** ^ 
tr.e vvot-buib deoression 



If the a.f ts comoletely saturated with water 
vnpor (has all the moisture it can hoio at tr-at 
iw^pero^xjr^), then there will be n6 evaoora- 
1ion, and no decrease 'n the temperature of 
the bulb. The relative humiasty is then 
[nnu^rm. there «s probably no time that 
^ MaHvc. humidity drops to 0% Even the 
"^dn^st di«<wiarr"Kas sblne rn rt 



.Relative hymtdlty = 74% 
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Tabl# 4-2 



Dry- 
Bulb 



Relative Humidity (%> 



Difference Between Wei- and Dry-Bufb Temp. ('C) 



en 


1° 


2-' 


3" 


4" 


y 




7° 


8° 


9" 


10" 


11- 


12" 


13" 


14° 




16' 


17" 


18° 


19' 


20* 


- 10 


67 


35 






































-9 


69 


39 


9 




































-8 


71 


43 


15 




































-7 


73 


48 


20 




































-6 


74 


49 


25 




































-5 


76 


52 


29 


7 
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77 


55 


33 


12 


































-3 


78 


57 


37 


17 










V,- 
























-2- 


79 


60 


"40 


22 
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81 


62 


43 


26 
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64 
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83 
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49 


33 


17 
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84 


68 


52 


37 


22 
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84 


70 


55 


40 


26 


12 
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85 


71 


57 


43 


29 


16 






























5 


86 


72 


58 


45 


33 


20 


7 




























6 


86 


73 


60 


48 


35 


24 
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7 


87 


74 


62 


50 


38 


26 
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8 


87 


75 


63 


51 


40 


29 


1^ 




























9 


88 


76 


64 


53 


42 


ir 


22 


12 


























10 


88 


li 


66 


5$ 


44 


u 


24 


li 


'6 
























tl 


^9 


78 


67 


56 


46 


36 


27 


iii 


























li 


89 


78 


6^ 


5^ 


46 


-w 


25 


Jl 


12 
























, 13 


89 


79 


69 


59 


50 


4i 


32 


23 


li 


7 






















14 


90 


79 


ii> 


60 


51 


42 


34 


26 


18 


10 






















15 


90 


80 


71 


6i 
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44. 
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27 
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13 
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63 
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38 


30 
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32 


25 


18 
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82 
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57 


49 


41 


34 


27 


20 


14 
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74 
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29 


22 


16 
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83 
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5J 


44 
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31 


24 
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12 


6 
















21 . 


91 


83 


75 


67 


60 


53 


46 


39 
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17 
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48 
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13 
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15 


10 
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17 


12 
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14 


10 
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18 
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5 
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86 
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56 
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40 
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14 


11 


7 
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86 


80 


74 
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57 
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41 
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24 


20 


16 


12 


9 
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80 


74 
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63 


57 
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47 


42 
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29 


25 


21 


17 


14 


10 


7 
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93 


87 


81 


75 


69 


63 


58 


53 


48 


43 


39 


35 


30 


28 


23 


19 


15 


12 


8 


5 


35_ 


94 


87 


,81 




69 


64 


5,9 


54 


49 


44 


40 


36 


32 


28.. 


24 


20 


17 


13 


10 


7 



1 



■s.i 



mom 



^1 



□4-13. Wnic an operaiional dcliniiion ot rclaiive humidiiy. 
(How do you dclect'and measure it?) 

□4-14. What is today*s relative humidity? 



Back to4he dew point 

Dew point was delined earher as the temperature at which 
air could no longer hold its moisture. At that tempcraluic, 
"water vapor from the air collects on a surface as a hquid 
^idewj m' solid_{f!OsQ. Rcyn\om her that w;uni airjcan hold 
more moisture than cold air can. Dew point can be deter- 
mined from a chart similar to the one you used for relative 
humidity (see Table 4-3). 

Refer to the relative-humidity chart (Table 4-2) and the 
.<lew-point chart (Table 4-3) as you answer questions 4-15 and 
4^16. 



□4-15. What would the relative humidity be when the wet- 
and dry-bulb temperatures are the same? 

□4-16. Whiat would the dew-point temperature be when the 
wet- and dry-bulb temperatures are the same? 

□4-17. Give an operational definition of dew point. 



4-15. 100% 



4-16. The same temperature as that of the 
wet- and dry-bulb thermometers. (A normal 
occurrence when ImIs happens Is conden- 
sation. If it happens at the eailh's surface, 
dew or frost forms. If it happens In the atmos- 
phere, a cloud forms. If the cloud forms close 
tojhe earth. II Is call0d tog.) 



You may wonder why you have to swing the psychrometer 
to measure humidity and dew point. If so, you should turn ^ III^I{iilJ Ut^ [•] V^l 
to Excursion 4-1, *The 'Shivering Thermom<iter." 

Up until now, you hKive not been able to fill in the dew- 
point or the relative-humidity, readings in your weather- 
watch chart. From now on, record daily readings of the 
relative humidity and the dew point. 

Yon started this chapter trying to explain why clouds form 
as they do. YouVe learned that cooling air can cause the 
water vapor it contains to condense. However, you havenU 
really seen any clouds form during your activities. The only 
condensing you have seen has taken place on a solid surl 

This suggests that water vgipor must have some kind 
Solid surface on which to form liquid droplets. How then 
can clouds form? Are there such surl^ccs high in the air? 



Excursion 4-1 investigates cooling by evap- 
oration and applies the panicle model of 
matter. 

From this point on, the last two rows of Table 
2-1 should be filled In daily in the Record 
Book. - ' 



only yr 
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Table 4-3 

* .. ■ ' 

Dcw-I\)ini Tcmpcraiuic ("C) 



^ Difference Between Wci- and Dry Bulb Temp. CO 
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Almost all air contains some solid particles. Dust, sail 
crystals, and smoke particles are commonly found in air. 
I hcsc solid jKirticlcs provide the surfaces needed lor dro]Mt.t 
formation. Such particles are found at most altitudes, but 
more of them are found neartlie earth's surface. 




1 ho t<»rfn i:; not fUu;o:,:..iry toi studL'iUs. l)ut 
Ifvi; soltcl parltcluti uii which wattjr wtll Cut^ 
clohso are' called hygioscopic particles. Not 
all solid pa/ticlos act suital)ly in the fom^ation 
ofYater dru|Jlots. Coi^donsntion rujclei must 
att(^t watu(. ThtJ unporianco of iheso nuclei 
in (hb au lb duinonstratod by the fact that 
heavy togs occut a'ound industrial ir^stada- 
tions, wherea:;i fewer fogs for/n In rural areas 
with air of equally hiQh moisture content. 



^ Figure 4-2 




'0 



•if 
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4-18. BecauBO th^> tomp<»aturd must be lovy 
onouQh fof cofid^psatlon to occur. 



It 13 difficult to dupflcate a genuine cloud in 
jhdj.^boratpry. Tt\(^ science of cjoud physics 
IS one of the'^iost difficult areas of meteor-^ 
ology. Scientists have found it extromoly hard 
to observe what takes place in a cloud without 
interferlpg with njKural processed. 



□ 4«18. If more solid panicles arc lound near Ihc surface 
ol* the earth, why do most clouds form al hi{;he: alliludcs'.^ 

You*vc seen that dccrea^^in^ temperature can produce con- 
d<]|^ation of invisible water vapor. 

□ 4-19. Suppose the air being cooled also contained line 
solid particles 5Vich .as those in smoke. What do you predict 
would happen? 

Check your prediction by doing the loUowing c?^pejriment. 
You will need the^e materials: 

2 large baby-food jars Oi^.t^elcd . . ^ 

1 plastic saiidwich bag 

2 ice cubes 

Hot and cold water 

ACTIVITY 4-5. Put about 50 ml of cold water Into Jar 1. Then 
place a plastic bag containing Iwo Ice cubes on top of the 
jar. Observe for about one minute. (Hold the ends of the bag 
with your hands./ 



/ 




Plastic bag 
with ice cubes 



ACTIVITY 4-6. Repeat Activity 4-5, Msing hot water in Jar. 2. 
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ACTIVITY 4-7. Remove the bag from Jflr 2. Light a match. Let 
It burn for two or three seconds. Drop the match Into the jar. 



Match 




-ACTIVITY 4-8. tJow pla<Sl4he t^ag of Ice cubes on loj^f the 
Jar again. Observe for qne m^qte. 



S^imitianzCyour results in Table 4-4 in your Record Book. 
Table 4-4 ' . . 







* -J. 

Observations 






i-: ' v.://^;'^ "' hot water '' '^H^-' 




t ' r^'- ^^ 2, with hot .fi I 
L V * .. J • . " Water apid smokif^^ 
\ J • • f ' 








□ 4-20.. Did the presence of smoke particks have an elFecl 
on the amount of mist jhat formed in tli'e jar? 

The experiment you did showed you one way to form a 
clpud. AII-N|jou.h^ve to do is cool wet air that contains solid " ' 
■particles. You know that the atmosphere contains both water 
va^or and solid particles. • 

'□4-21. What happens to the temperature of air as the air 
rises to higher altiturdcs? 1; 

« ■ . .a 

Before going on, do Self-Evaluation 4 in your Recor^ool(. 



Table 4-4 should show an increasing ijflr^fount 
of cloud formation in 1.2. anU 3. Xou rr^^ay 
want to get some small-group -'discussion 
going on why t^iis is so. The particle model 
predicts that more water particles will b^||B- 
caping from the hot ^vater.'tjecause of their 
more rapid fnotiqn. This means that -the atf 
above^ the hot water will contain more water 
vapor. The addition of smokp furnishes mor'b 
SQird particles for tho water to condense on. 
. It is Ifiteresting Xo note that even without the 
addition of smoke, some cpnde/isatlon oc- 
curs. In this modern world; *there are aJready 
lots (JTsolid particles In ordinary air. That's 
what air pollution is ail aboCft. 



GET IT READY NOW^.FOR CHAPTER 5 ■ 

You might want to hav^ one pressure cham- 
.ber app^?atus assembled as a guide. You will 

need matche^ffi^issorsbr sharp Knife, some 
.black paper s^rofts constr action piaper, and 
iho observatiorl^xes useQ in Chapter 1. . 
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EQUIPMENT LIST 
Por student-team 



1 ;^50-nil Erk)nmoyor tiauk 

1 1-h()le rubber stopper 

1 piocH (5-6 cm) rigid plastic tube 

1 piot o (3-4 cm) rubber ttJl)jn<j 

1 largo air piston 



Mat(:fu>»5 

BIrcK paper 

Observation t)ox 

1 stiort candle 

He.ivy string. 1?-cm longth 

1 pl.r.lu sticiw 

Sharp knife or sctssois 



More Reasons for Clouds 




CHAPli:i^ tMPIlASlS 

1 he oltect <.)f a (.Ntcrt'^t^o m air pro?".:;uio iJti 
coiKf(!n6atK>n i:. added to the effect o\ du- 
cr(>a:.o in h'nipriatiiu* with allilud<* In fnrn>f<K} 
k hnKl!. Also \\w iipwaui mi)!u>n k-f .^i ;J[Jjt a 
cause ot JioM/ontal mouon. or wind. 
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t^xcursions 5-1 and 5-2 are keyed to this 
ctiapler. 




MAJOR POINTS 

1 A decrease in pressure m a closed system 
can cauye conOonsalion 

2. the particle model lor matter can bo used 
. to explain why warm air rises, why pressure 

decreases with altitude, and therefore why 
clouds form over particular areas 

3. The upward motion of air causes other air 
to move horizontally 

4. Differential heatmg of the earth s surface 
can cause par.orns of air movement at the 
surface. 



•As warm air rises over a warm area, il gradually cools. If 
this cooling elFcct continues, the lempcraiure of the air will 
reach the dew point. Water vapor can then condense to form 
clouds if enough solid particles are present. 
• Temperature decrease with mcreasing altifude is charac- 
teristic of air as it rises. ■ ^ 



□ 5^1, What oUicr change occurs in air as il rises? 

What effects, if any, does the pressure have on cloud for- 
mation? To find out, you will need to construct your own 
pressure chamber. You and a partner will need the following: 

1 25()-inl lirlenmcyer tlask ' 

1 1-hole :j^6 rubber stopper . \) 

1 short piece of rigid plastic tube (5-^6 cm) ''^ 

1 short piece of rubber tubing (3-4 cm) 

I large air -piston 

Water 

Matches " 
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ACTIVITY 5-1. Prepare the rubber stopper and air piston as 
shown. 




The suggestion was made at tho end of 
Chapter 4 that you might assemble one 'of 
these "pressure chambers** as a pattern, and 
to determine what minor adjustments need be 
made for proper functioning. Incidentally, you 
may find that a little petroleum jefly or silicone 
spray lubricant will make the air pistons work 
better, easier, and for a longer time. 



ACTIVITY 5-2. Complete the assembly as shown. The plastic 
tube must tit snugly Into the rubber tubing. If necessary, add 
a few wraps of tape to Increase the diameter of the plastic 
tuber. 




Uso extra tape 
to Insure $nug fit. 



□5-2. Does the air in the lla.sk contain water vapor? 
□ 5-3. What ii> today's humidity? . ; . 
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Think of your flask of air as the rising cube discussed in 
Chapter 3. A$ it ascends, the jiressure on the air decreases. 
To see what cflcct this has, you can use the air piston and 
stopper. ■ 



i 



• 11?'. 
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ACTIVITY 5-3. Push the plunger of the air piston all the way 
In. Then Insert the stopper tightly Into the llask. Support the 
flask so that It doesn't tip over. 




To reduce the pressure within the flask, you need only to 
remove some of the air. You can do this by pulUng out the 
atr piston plunger. 



ACTIVITY 5-4. Place the flask on a dark background such as 
a sheet of black construction paper. While your partner holds 
the flask securely on the table, quickly Wti the plunger to reduce 
the pressure. Try not to pull It all the way out of the cylinder. 
Observe the flask carefully as you decrease the pressure. 



□ 5-4. Describe any changes you observed within the flask 
as the pressure was reduced. 

You may want to repeat Activity 5-4 a few times to cheek 
your obscrvationi>. . 



7 



Nuh- Mwjt trii- pluiu)t'f i;i pushtnl all the \vn\ 
in twforv thu ulof^t i» iM:*rfl«d \t\ xWa llasK. 

'it* 




CHAPTER 5 53 





!5l 



i 




ACTIVITY 5-5. Add a very small amount of smoM to the air 
In the flask. You can do this by just blowing some of the 
smoke into the flask. The smoke should not be visible in the 
flask. 




Repeat Activity 5-4 with the contaminated air, 

□ 5-5. Describe any changes within the flask as the pressure 
is reduced, 

□ 5-6. What happens when you increase the pressure again 
by pushing the plunger back in? 

□ 5-7- What effect would decreasing air pressure be likely 
to have on cloud formation above the earth's surface? 





The clouds you observed in the buby-lood jars and in the 
flask probably were very faint. They mayjiave looked only 
like a mist or fog. But then that is exactly what a cloud is. 
If you've ever been in one, you know it to be a misty experi- 
ence, 

Pie^OBLEM BREAK 5-1 

YouVe seen faint mists form both when temperature is 
changed and when pressure is changed. How would cloud 
- — formation^ bo- alfect^ if both these factors were chanj>cd 
together? Would the cloud mist be thicker? Join forces with 
another team and design a plan to answer these questions. 
Then get your teacher's approval. There is a space for your 
work in your Record Book, 

Let's pause for a moment and review what you have been 
doing in this unit up to this point. You have been putting 
together many obsei^^ations of how air behaves. 

So lar youVe learned these things: 

L The atmosphere i^ heated diflerently depending on the 
. nature of the slirfacc of the earth. Generally, dry land- 
masses produce more hcatingof the air than do ^>url'ace 
waters (Figure^5-2), 



Warmer aJr 



Note that teacher approval is called for In the 
Prot;)Iem Break. Students may nee<J to bo re- 
mincieU that they are working with three vari- 
ables* temperature, pressure, and conden- 
sation nuclei XsmoXe particles). They may 
consider the activities that thoy perforrixjd 
previously (effect of lowering the temperature, 
effect of decreasing the pressure, effect of 
adding smoke particle?) as part of th^ experi- 
ment, and go on from there. 



Cooler air 




Figure 5*2 
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2. ^ann aw iiscs, or U> say it anolhcr way, cold an* sclUcs 
toward ihe earth's surface. 

3. As au rises from the cartl^s surface, the air's .tempera- 
ture decreases and so., docs the pressure on ii. 



Asoxplninod in tho teachoi note^ In Chapter 
3, decrease in pressure has an effect on tem- 
perature because work Is done In expanding 
tho air against tho decreasing pressure. How- 
'^ever. from tho student's viewpoint In con- 
.sldering the system, the factors of tempera- 
ture and pressure can be considered 
separately. 




As air rises 




temperature decreases pressure decreases 



■Figure 5-3 

4 Decreasing either pressure or temperature, or both, 
causes invisible water vapor to condense into hquid 
droplets around tiny soHd particles of dust, smoke, and 
salt. These water droplets accumulate and become visi- 
ble as mists and clouds. 
How high in the atmosphere does all this happen? If you 
|:>I<»ilJ:t:ir«]V?P are interested in finding out, see Excursion 5-1. ^'How High 

Are the Clouds?" . 

As you know, Scientists aren't satisfied with observations 
alone They want to explain their observation^and how they ^ 
relate to each other. Thus, they invent ideas to account lor 
wTiai they see. These invented ideas are called mental models. 
Y6u havcTGeen using a common mental model to explain 
.some of your observations of the behavior of air. llie model 
' you've used is the particle model for matter. 

The particle mollel assumes that air and water and all 
matter are composed of tiny invisible particles. This model 
can be used to explain why warm air ri.ses. And it can expljim 
why air pressure decreases with increasing altitude. But can 
you use what you know to explain one day's weather in 

Florida? See if you can. 

Examine carefully the cloud patterns in each ot the satel-" 

lite photographs of the Mate of Florida (Figures 5-4 and 5-5). 

_ Compare the cloud patterns you see with the map of Florida 

56 chapter's ■ that is provided with each figure. 



Excursion 5-1 is a practical exercise In deter 
mining cumuloform cloud heights, using tem 
perature and dew point. 



The entire unit i^ aimed at doveiopiflg a model 
for weather. The work to this point has shown 
one reason for air rising, and the things that 
happen to it when it does rise. From this point, 
the model will be expanded to show other 
things that happen when air rises.^and other 
factors that make it rise. 
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r]5-8. Would you have prcdictcil iluu ini>st ol llic clouds 
•shown in I^gurcs 5-4 and 5-5 would be over the land instead 
of the water? Why? 

Question 5-8 isn't easy. But perhaps you are closer to a 
reasonable answer than you think. Try the next two ques-* 
tions. 



*-i l\ At this pojnl. .uu.vvuf.s cc^uld l)o iMthm Yt»;, 
or No. If studonls roalizou that during the 
daytime air over land hoats more rapidly than 
air over water, and i|i>yurncd that the heated 
air that rose had sufficient morsturo and con- 
densation nuclei in it. they would answer In 
the aflirm^ive. But \\ they didn't make that 
assumption, they could an^jwui the other way. 



□ 5-9. Where would you expect air to be warmer invihe 
daytime, over land or over water? (Hint: Recall your ni^sti- 
gation in Chapter 1, beginning with Activity 1-8.) 

_P.^"^P/ .^.h^J^ would^you expect the greater uplili ol air to 
occur in the daytime, over land or over water? 



For clouds to form, air containing water vapor must be 
uplifted. It is reasonable to assume that the air over water 
contains more water vapor than the air over dry land con- 
tains (Figure 5-6). > ' 



Figure 5-6 



o 



v.- 

•Km 'v.. 



if 



Evaporation 




But the air over dry land is 'being warmed faster and 
therefore rises. According 16 what you have learned about 
air, you should expect clouds to form over land if the land 
air contains enough water vUpor. And according to Figures 
5-4 and 5-5, it does contain enough water vapor. Almost all 
the clouds are over land. Another investigation may help you 
. explain how the land air gets some of its moisture. 



■\:,.:, 
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You will need the roUowing: ^ 

I obsoivaiK)!! bo\ (lioin C hapici I) 
1 short (handle (4-5 cm) 
Heavy cotton siring, 12-cm lengtli 
-4 plastic straw 
Sharp knife or scissors 

ACTIVITY 5-6. Cut a small hole (about 4 cm In diameter) in 
the top of the observation bdx as shown. 




The candles furnished in the kit may have to ACTIVITY 5-7. Light the candle atyit place it directly under 
bo cut oft in order to be short enough/ , jj^^ j^^f^ ^^^^ J^y^ tip qj flame should be at least 

10 cm below the hole. 
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ACTIVITY 5-8. Double the string and iosert It In the plastic 
straw as shc^wn. Light the string. It slfiuid glow but not be 
flaming, insert the straw Into the box. Observe the behavior 
of the smoke In the box. 



□ 5-11. Describe what happens to the smoke from the string 
as the hot air above the candle rises. 

Think of the candle as representing the hot land in the 
daytime. The land (candle) is heating the air aixwe it. Let 
the smoke from the string represent the invisible moistv^air 
over a cooler area neArby. (This might be a body of wafeT. 
such as a large lake or^an ocean.), -'^O 

□$-12. Describe how you think cool moist air will behave 
as it comes in contact with an area where warm air is rising. 

Up until 'this last activity, you have concentrated only on 
air moving up and down. In this activity, yo^u saw that hori- 
zontal "(sideways) movement also occurs. This horizontal 
movement is called wind. It is a very important feature in 
all weather. 

The particle model for matter can be used to explain the 
sideways movement of air that you observed. Recall two 
things this model says: 

1. When air is heated, its particle spread out. 

2. A volume of warm air has less mass than the same 
volume of cool air. 

These two ideas explain why the air moved as it did in 
the observation box. As the temperature of the air above the 
candle increased, its particlps spread out. Thus, it became 
Ughter. so to speak, than the coqI air in the box. The cool 
air, now the heavier air, pushed the lighter ait up and took 
its place. . 

□5-13. What would happen to the cool air after it replaced 
the wann air? 

Figure 5-7 illustrates the air-flow patterns you should ex- 
pect when warm ^and tool areas' are side by side. 




b-\A SUidents «houid ot>sorve the horizontal 
moiion at the *>moKe before it ascends verti- 
cally through the hole. 



The horizontal motion of air as wind should 
not be new to the students. They have been 
measuring wind direction and wtnd speed 
since Chapter \. They should even be able to 
operationally define wind as the movement of 
air that causes the weather instrument to in- 
dicate which way the wind is coming from and 
how fast It is traveling. The concept that is 
new is what causes air to move as wind. 
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Figure 5-7 




Problem B[eak 5-2 focuses on land-sea 
breezes.' Assuming that the ground is not cov- 
ered by snow or Ice. wind shoula btf 
coming, toward land, during th^ day and out- 
going, toward water, at night. This behavior 
has b^en utilized by sailing fleets, which left 
the coast for the fishing grounds in tho eve- 
ning and returned to la.jd the next morning. 



O 



Suppose the cool area is adding moisture to the air. as 
in Figure 5-7. If so, thb moisture will be lifted as the air 
moves oyer the land, 

P5-14. 'Will the increased moisture content improve chances 
for cloud" form^ition? 

PROBLEM BREAK 5-2 

If you live near the ocean or a very la^ge lake, ypu may 
have noticed some peculiar things about^wind^ Wm.d direc- 
tion often seems to be related to the time of day During 
warm, daylight hours, the wind bloxvs from one direction. 
Then, dliring cool, night hours, it blows from, the opposite 

hri^gure 5-8 of your Record Book, indicate the wind 
direction you predict for the two limes of day shown. ' 

Figure 5-8 ^ ' 
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G5-15. LJ.sc what )Mu know about air- to explain your deci- 
sion about wind d/ccti<?n. 

The fact that air moves horizontally is no su.iprisc to you. 
You feel that -motion frequently. You also sec it in the motion 
of other objects. Kven those, things you've been trying to 
^ecoum for— the clouds— are alVkted by wind. Moving air 
■ cardes them across the sky. - ^ 

• If you arc interested in how fast clouds move, see Excur- 
* slon 5-2, "Building a Nephoscop'e." . , 

l^f^ht and h«at arc. t^e cncrg/spurces lor alL weather fcn 
.t!i.e_eiirth. You've seen, how they drive .air up, down, and 
6<ttcways. ;^ou,k»o^f thaj^ without hafat 'little water vapor 
•.C9uld be ad^cd l<J air, and'without mfeiure.there would be 
no clouclst .>' ■'* •-. I ' / ' . 

. In thfc. n^jxt^ch.iij^Ders' you will investigate otl^er effects of 
air mov^m■e^^^^AJa, as/a result, yo/i'lJ Ic^rn more .about 
prcdlctin;^an^^>^Jainlng weather changes. You may even 
find an cxpl^yok.for rain. ^ , \ 

^T^Svaluatioo. 5 in your Record Book. 



Before going onf 




Excursion 5-2 is an extension excursion for 
better students. It requires some equipment 
that is not furnished, some careful con- 
struction, rather difficult measurement^ and 
a little math. 

No equipment need be prepared for Chapter 
^ \l neeclt)d is a straightedge, 

y^hicp could be a ruler, meter^tick. or dven 
tfie edge of a tablet or book. 
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EQUIPMENT LIST 
1 straightedgo 



other Cloud Formers 



MAJOR POINTS 

1. The simpfo hoated air model cannot ex- 
plain all cloud tormotion. 

2. by aroas whoro cold air comos m contact 
wilh warmer air, clouds may form. 



Chapter 6 



No excursions |ire keyed to this chapter. 



• GHAPTEH EMPHASIS 

Other factors besides convection cause up- 
ward motion of air and cloud formation. 



An unmanned weather satellite orbiting far above the earth 
took Uie photograph s^hovyn in FigUTe 6-1. The pietuic.shiws 
the pattern ol clouds over about half the earth's surface. It 
was taken on May 8, 1967. ^ , 



3. Cloud5> tend to form over areas of low bar- 
ometric pressure. 
*4. When moist air is pushed up the side of 
a mountain, clouds may iotm. 
5 A system of symbols and numbers can be 
used to indicate weather conditions on a map. 

6. Lines connectmg points of equal baro- 
metric pressure are called isobars. 

7. The pattern of wind diroction is counter- 
clockwise in a low-pressure area. 

8. A scientific model can be modified or ex- 
panded to explain additional observations. 



Figure 6-1 
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Sludijnta are bolng called upon to oxpand 
their model of cloud torntation. Somu may 
need leotisurancis tlml this Is a common arid 
oecoptod practice with sciontific models n Is 
interesting to note that the hoaled alr model 
took 5 chapters to develop; now. it is being 



iMguic 0^2 will liclp you Klctuily whcic ihc cIoiuIn in 
Figure 6-1 arc localcU. 




expanded 4-fold in this one chapter. Of 
course, all the material in the 5 chapters was 
not just aimed ^t developing the one point of 
the model- The concepts of humidity, pres- 
sure wind, dnd all the other factors of 
weather will still have a direct application to 
the new parts of the model. For instance, in 
order tor clouds to foon for any reason, there y 
must t)6 moisture Jn the air. ^ 



As you looked at I^gures 6-1 and 6-2, you may have re- 
alized that explaining such a widespread cloud cover is very 
.complicated. Several features (like the cloud spiral over the 
northern Pacific Ocean) can't be explain<;d with tjie simple 
heated-air model you've been thinking about. Obviously, 
clouds don't just form over land areas either. You can see 
that much of the Pacific Ocean is shown covered by clouds.- 
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•auois other ,ha., :>u-u:,npcn,n„c cI.IIcckcs :,h.,u- 
d.nc,e,„ car, , surlacos must be i.wolved ,„ tbr,,,,,,. cl , 

Jjlacev where l.eavy clouds are ,or,„ing over water. What 
.nThe'u™e'rT;;',';"'\"' 

in me uppei le/t-liaiid pan ot Fit-urc 6-1 F-io.ir,> a i i 
an enlarged drawing ,„is leat'trc- l^ a, ,^ „ . 
^hape of the cloud pattern. No.tce particular the wo'^^te' 
•lu. project from .he central core of the pauern ^ 




In Figure 6-4, symbols and numbers havelecn added 'to 



Flgui-e'S-a / ^ ■ 

As used biMner&orologists. jhe cluster ^\ 
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Figure 6-4 
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An official U,S Weainor Bureau map lias 
many other numbors and symbols squeezed 
- ' onto it beside the readings of pressure, wind 

direction and velocity, and tornperatufe 
* shown, here. 

Vhe code symbols in Figuic 6-4 are used lo squeeze the 
majfimum amount of inlbrmatioa into the minimuu^umouni 



l-iguic 6-5 shows (he uicajung of lhci>c .syailioLs. 



^P^Wind speed 



mph 


Symbol 


Less than 
1 




1 to 3 




4 to 7 • 




a to 12 




13 to 18 




19 to 24 




25 to 31 





I Wind spoed (8-12 mph) 




^Wind direction (if> down the 
r^tom toward the circle.) 



Temperature (°C) 



29.52 

Barometric pressure 



Notice tliat the ^border of Figure 6^4 is labeled like the 
border of a city map. I his makes it possible to locate areas 
on the drawing easijy..For example, the location of thc^sym- 
bol at the very top oCthe fig-urc n^ght be described as M7. 
: ^ " ' 

ne-l. Using the border symbols and a straightedge, describe 
thejbllowjiig locaticfn's'by l^^tter aiic] number. 

Highest barometric pressure 
Highest wind velocity" 
Lowest barometric pressure 
Highest temperature ^ 
l^owest temperature. " * ^ 

Fxami.nc the clusters of measurements in Figure 6-4 care- 
fully. Try to fmd a relationship between the numbers in the.se 
and the pattern of cloud formation. Look particularly for' 
large diirerences in temperature and pressure within a small 
area and the cllect of these dillerences in terms of cloud 
formation. ' , . 



Figure 6-5 
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It should bo reasonable to expect students to 
be able to identify and read those four factors 
of weather from a map at this point. 

6-1. Highest pressure--A12. A14 (30.20) 
Highest wind-F5, 13. J5 (13-18 mph) 
Low«st pressure---H5, H6. J5 (29.^0) 
HIgllGSl temperature— A7 (26''C) 
Lowest temperature—H I (3^0) 



CHAPTER 6 69 



It will bo Interesting to see if studet>ls discover 
iiny relationships in question 6-2. The more 
discerning may note the pattern formed by the 
utaffs (wind-tiirectlon arrows) an they shUt 
from generally northoi iy on the left side of the 
map to generally south^^rly onWiti right side. 
Temporatufo ar^d pressure dMtor^nces are 
harder to see. 



1)0N'T FORGET YOUR 
WEATHER WATCH! 




[J6-2. Describe any' iclalionslups you ilnuk nou IukI be- 
tween the paticm of eloud fonnaiion shown m l iguie 6-4 
and the measutemenis of lemperaiure, pressure, wuid .speed, 
and wind dircetion. 

Now let's liiTd out if you've diseovered any iniporlanl 
relationships between the cloud patterns and the symbols. 
Run your linger along the ^Ueg" of elouds extending down 
from thc central core of the spiral. Notice the temperature 
readings on the two sides of the leg. 

□ 6-3 On which side of the leg (east or west) are the tem- 
peratures lower? Compare any diHercnceS in temperature 
along the lower leg with those in other parts ol the drawing. 

Examine the terw^eraturc dilferences on the two sides of 
the other leg- the one extending toward the east (right) Irom 
the central core of the spiral. 

□ 6-4. On which side (north or south) of this leg are the 
temperatures lower? 

Q6-5. Mow do the temperature dilferences on the two sides^ 
of the legs compare with temperature differences found else- 
where in the figure? ' 



Note that attentiof» is focused only on ttiu 
ditterenccs in temperature ot ttie air on eittier 
side of tfie cloud line at ttiis point, and not 
on Ironts. Tfie grounjlwork for tfio study of 
fronts is being laid C Moist air is apparontly 
lifted <n some way . . .") but ttiey are not 
studied until the ffl|||^ing chapter. 



6-6. Pressure ilifferencos (a low-pressure 
area) 
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The two legs of the eloud spiral lie in areas in which cold 
air IS in contact with warmer air. In one case, the warm^tir 
lies to the east of the cold air; in the otheiynies to the 
south. These temperature differences are important. Moist 
air is apparently lifted in some Way to form clouds along 
these two lines of rather sharp temperature difference. ' 

Now examine the central core of the cloud spiral for a 
moment. The presence of heavy clouds suggests that air is 
being lifted in this area, too. But Uie temperature differences 
at this point are not so sharp as those along Uic legs of the 
spiral. Some other cloud-forming factor must be at work in 
the core. , ^ - ♦ - . 

□ 6-6. 'Besides temperature differences, whut other factor 
produces cloud formation? • - - ' 




If you have been keeping'your daily weather walch, you've 
learned by now that air pressure varies. It is slightly different 
from day to day even at the same spot on the earth. In 
keeping track of pressure changes, weather scientists (mete- 
orologists) often plot thiiir pressure measurements oif special 
'maps. Then they draw lines through all equal barometer 
readings plotted on' the map (Figure 6-6), 



30.30 




Two Other clo^id-forrtiuig laciors \A/ore ir'itfO- 
duced ratlitjr abruptly*oii the preceding page. 
The niechamsm for uplift on linos of leinpora- 
ture differenco (fronts) and around areas of 
low pressure (convergence) Is not explained 
here. From examination of photot^ and maps, 
students inuiit accept the tact that clouds do 
form In these areas, and wait for a more com- 
♦ plete explanation of the reasons later. 



Figure 6-6 
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ACTIVITY 6-1. On Figure 6-4 in your Record Book, conned 
all equal barometric readings with lightly penciled lines. The 
lines should pass directly through the station circles that have 
the same barometric readings. These lines should be 
smoothly curved, and no line should cross another. 



Encourage students to take thoir timo In 
drawing the isobars. If they draw light lines 
with o sharp pencil, it will be easy to erase 
and correct them. 



The rising of air and formation of cloud? , 
around a "low" is quite understandable. If 
students accept the fact that air blows mto a 
low-pressure area, l(ke water flowing \n\o a 
low depression on the earth, then air is com- 
ing In from all directlons/There is no place 
this air can go but up. After flowing over the 
grpund (or over water surfaces) \X has picked 
u6 moisture, and when it rises, clouds are 
fdrmod because ot a decrease in temperature 
and pressure. 
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Lines connccling areas of equal baronielric pressure are 
known as isobars. (^Iso- is a common prelix meaning ''equal.") 

□ 6-7. Describe the pallern of baromeU ic pressure revealed 
by the isobars you drew on Figure 6-4. 

□ 6-8- Is the barometric pressure fairly high, or fairly low, 
where the core of the cloud spiral has formed? (Label this 
center on your Figure 6-4 as "High'' or ''Low.'') 

WelL you probably agree now that tlie areas of greatest, 
.cloud formation in Figvire 6-4 lie along a line ol sharp tem- . 
perature dilVerences or over an area of low barometric pres- 
sure. 1 his suggests thai sharp dilferences in temperature and 
pressure are acting as cloud-forming agents. ThercJbre, these 
variables have -an important intkicnce upon the weather. 

Clo.uds aren't the only thing of interest in Figure 6-4. lake ' 
a look at the wind dire<:tions indicated there. Notice particu- 
larly* the relationship between wind direction and the ise^ars 
you drew on the figure. • ^ 
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□ •-9. Describe the pattern of wind dircctK')n in the area ot 
low pressure on Figure 6-4 (clockwise or counterclockwise?). 
□6-10. What relationship, i/'any, do you notice between the 
^pattern of wind direction and the spirafshape of the cloud 
mass? 

ilarher, you used a model for the x:ause of wind that 
depended upon unequal healing of the earth's surface. (If 
you need to review this idea, see the last part of Chapter 
5.) According to fhat model, wind is simply cooler air moving 
into an area of greater heating. 




* 1 he situation in Figure 6-4 is more complicated than that. 
The low-pressure area obviously has a great effect on the 
movement of air The air seehis.to move around thp area 
in a counterclockwise direction. This will become more imr 
portant in the next chapter. 

You can see that many problems complicate the task of 
making predictions ' about weather. 'Sometimes *more than 
one weather-influencing agent is operating at the same time.' 
Then it is hard to decide which of the assembled data is 
most important. 

At this point, you may be ready to consider what youVe 
inferred about the elfects of low-pressure areas and lines of 
temperature diflei^ence? as part of your weather model. Be- 




CourUerciockwis© 



Butter studepts may question why the winds 
around a low-prossuro aroa h^^ivo a counter- 
clockwise circulation. After all. why don l the 
wmds just go straiglU in to till up tlio ' low"? 
Without ^oing into the scientific rea^^ons for 
this dofloption from a straiyht-lme motion, the 
students will have to accept the behavior On 
the basis of thoir observations. Tfiafs simply 
the way' moving air behaves. But actually, the 
reason (or the behavior is the force called 
Coriotis. On a nonrotating earth, air (and 
other moving particles) wquld travel in a 
straight lino. But because of tfie earth's rota- 
tion, ^a body in motion In the Northern Herni- 
spliore Is deflected to the right, (in the South- 
ern Hemisphere, it is deflected to the left.) So 
Qnf that starts to blow into the center of the 
"low" IS 'bent to the right of its direction of 
rrjotioi^Try it with a diagram on a piece of 
paper, and you will see that it results in a 
counterclockwise circulation. 
Incidentally, for you prists in science. Corio- 
lis force is a fictitious quantity. We fmve so 
firmly believed a body in motion remains in 
motion in a straight line unless acted upon by 
an outside force (Newton's Law) that wheri we 
see a body deviate from a straight lino we feel 
that a force must bo acting on it. and wo give 
the force a name. The catciris.that Newton's 
Lavy only holds true in an rnertial frame qf 
reference. A rotating body "is not an inertial 
frame, but a rotating frafloe of reference, and 
the body only seems, to cWve. because of the 
earth's rOtalton. ♦ 
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These are actual satellilo photos, with ttie 
latllude and longitude lines. Isobars, and sta- 
tioc» models added. 



Flaure 6-7 



fore you do, however, you should -hud out whether the ex- 
ample in l-iguie 6-4 was an isohitcd situation. Do the rchi- 
lionships you observed hold true .n other situations, too? 

Figures 6-7 and 6-8 eaeh eontain a satelhle photo and . a 
set of weather data eoUeeled at the lime the photo was taken. 
Examine eaeh figure carefully. Try to lind out whether the 
relationships you lound m Figure 6-4 hold lor lhe.se areas 
as well. 



I. .16-11. Describe the flow ol .air near ihe low-pressure areas 
ill l igures 6-7 and 6-8 (clockwise or counicreloekwise?), 

□ 6-12. Describe how ihe disiribution ol* clouds in (he two 
ligures relaies lo ihc pressure and leniperaiurc dala given. 

□ 6-13. Are your answers lo questions 6-11 and 6-12 what 
you expected? 



Noiti !!ia( ihr.M- ,uv. oUu.'f fircas ot cloudlnoss 
l)<*snJiJs Uhk.k* heritor LHi .lr^^utHJ lows and 
alony hwnr, ot .sM.irp tornp(Matur(? UiltiTijncos 
You might \\\vi) to point out to ^^tudunts t»»at 
cloudb AH' foiMul m ttio :>Ky oven on [)U»asant 
days. 



Figure 6-8 
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Students will have soiw d.fficvilty w.tii thil 
DfOblom broak. One problem w.ll bo .n d. aw- 
ing the isobars. The proGSuro;, <J>^'0<^ are not 
all" In nice numbers ending m zero, so stu- 
dents have to estimate where Ihe 29.50 and 
29 70 linos go. As you undoubtedly realue. 
• the dotted lino Indicating a sharp d.flerence 
in tomperaturo is really a front (which stu- 
dents do not yet recognize), and it should run 
roughly from Jacksonville through Tampa. 
Actually it is a cold front, traveling toward the 
east The isobars should "kir^k.- i^t have a 
.. .sharp bond at the dotted tompe.aturo lin«}. but 
students don't know this yet. oHhor Cloudi- , 
ness should be shown along the dotted line 



Figure 6-9 



PROBLEM BREAK 6-1 

l.-.o.MC 6-y shows the l londa peninsula once inoic^. 
Weaiiier data have been nKhidca ou the ntap. \ouv problenT-* 
is u> skeleh on the .nap the pattern of eUn.ds you would 
predict on. the basis of the data shown. In ntakmg you. 
prediction, you mav assume thai lines of t.einp<.utu.e d.tje.- 
'„ce a.id low-pressure ar<.a.s .i/r cloud-.fornt.ng agents. I his 
n.nc, however! you may neglect the fact that the d. kMcr.^^^ 
in te.nperuture over land and watc^an cat.se cloud o n a- 
tion, too. (It IS still pajl of our wei^Ter model, but we 11 put 

il aside for the mo.nent.) • ^ , - . in knb-,rs 

Complete your sketch now. Start by. draw„;g .n isoba.s 

of 29.50 and 29.70. The 29.60 isobar has ^^I'^'f >' ^^^^^ 
in Note that there is only one teadtng of both 29.50 and 
29 70 ' Therefore, you w.ll have to use your judg.neni and 
experience in. drawing the .sobars. You should also draw^a . 
doited line where you th.nk the.e is a sharp d.llejence in 
lemperature. Shade lu ibe clouds' as your last step. • 
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Then SCO how your conclusions conaparc witfi (hose o( Otlica; 
stjLidents.. Your icachcr can oiler you Yome advice il you arc 
havnig difficulty witli this activity. 

In the next chapter, you will make the linal test of your 
model fai weather. You can judge your model by seeing if 
it helps you make predictions about weather First, though, 
you need tp look at one .^ther air-lifting (eloud-forniing) 
factor 






^ Because the earth's surface is very irregular, air mu,st often 
flow up over mountains and down into valleys. As air is 
pushed up the side of a Mountain, it t5 cooled, and there 

' is less pressure from the atpipsphere above. 

□ 6-14, what result ^ould you expect as moi&t air moves 
up and oyejr a mountain? *6-i4. clouds should form. 



Figure 6-10 
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The oxplanal.Ofi o1 uplift ot air by ooofjVaphic 
fcv'HufUS IS ft^l.U.vcly short, howi-vejl th.s tyfu* 
of lifting to torm clomB (calleU vfoyuiphtc 
upllfl) Is ono of th€t easiest to visuali/e. This 
factor docs have a prptout^d eltoct on chmato 
All tho "major Uosorfs and dry aroas ot the 
world aro found on the leo s»do ot Uio pre- 
vailing wind of mountains The Sierras and the 
flocKies are wej on Ihei* western slopes and 
dry on the oiistorn. with a prevailing west 
wind. The Hawanan Islands, with an elevated 
Tjentral backbone, hate an extremely wet side 
facing the steady n(^theast trade wmds. and 
fl^n opposite, veiy dry side. 



Ihc upuaui noxv of nuMsl :ur has r.uMi M^Mulir.uKT 
inounlainous regions. I hcic nuiy be ahuiulani piccipilalion 
on one side of a mountain bul liule on the other side, l or 
example, notice in I'igure 0,1 1 that ihc vegelalioi) is not the 
same on the iwo sides of the mouniam. 




Figure 6-11 
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This problem break gives students the oppor- 
tunity to test their understanding of thifj fourth 
part of their model for the uplifting of air. 
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□ 6-15. Explain why there is more vegeialion on one side 
of the mountain than on the other m Figure 6-i;. 

P 

You have been iniroduced to several lactors that ean pro- 
duce cloud formations. Landforms may produce air lifting. 
Sharp changes in barometric pressure and"abrupt tcmpera- 
u.re changes can produce clouds. And, as you saw earlier, 
surface heating of land areas can produce cloud lormations, 
especially along coastal regions. 

PROBLEM BREAK 6-2 • 

Here's your chance to use some of your experience to^ 
make predictions, in solving this problem, consider two ways 
that air is forced upward;. 

(a) by the differential healing- of the earth's surface and 

(b) by mountains. ^ - ' 

An aerial view of Iggy's Island is shown below. There are 
three communities on the island. The direction ot t^e pre- 
vailing (usual) wind showi/by Uic arrow. 



i jjiiyifc vrr ... 1 1 1 ii f ifi 1 liliilMitV 
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In the space proyideci in ^our Record Book, dLscuss ihe 
weather you predict for each of the three coni'inunities. An- 
swer such questions as the fcfllowing:- Wh^ch community has 
Ihe cloudiest, and whicH ha^ the clearest, -\^eather? Which 
community gets the most; and which gets the least, rainfall? 



Before l^toing on, do Self^Evaluatlon 6^||l your Record Book. Iggyvillo: Pleasant weather, moderate rainfall, ^ 

s * periods of cloudy and clear skies. 

* » " Iqgybiirg: Poorest weather. hea>^ rainfall (or 

■• \ .. ' . snowfall), heavy cloudlne^^s. 

IgOytuwn: Dry\vcalher, very littlfe if . any rairfe* 
falL cloudless skies. 

/No OQuipnieni need be prepared for Chap^ 




CHAPTER EMPHASIS 

A»f mattfjos nmct to form fronls. and move 
acroKs thtj .country, formina'f'a pattern of 
weather. j 



Moving Weather 



EQUIPMENT LIST 
None 

Excursions 7^1. 7-2. and 7-3 are keyed 4A this 
chapter. ^ 



MAJOR POINTS 

^ f'foUictiny wcAlhof by Ihi^ developed model 
cJependa on knowi/ig w^tTTTIonror more of the 
four agents for hiimg air will be operaling m 
your area. Thoso agents are: 

A) difforentiaiiy heated earth surfaces 

B) contact between cold and warm air 
masses. 
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C) low barometric pressure. 

D) certain geographic features such 
mountaif^a. 



as 




Aecordihg to (he. model yiuVc developed, the uplifting 
air has important elfeets upon the weather. This, process 
appears to be linked to cloud formation. Thus, it is respon- 
sible for all kinds of precipitaiton (rain, snow, .sleet, and hail) 
This lilting process also seems linJfeO to wind characteristics 
When you began this unit, your objective was to learn to 
predict the weather. The«i,r-uplift modeiWgests some ways 
to do this. Suppose you could somehowTnow in advance 
when uplifting air would occur in your area. This would let 
you make some good guesses as to what to expect in terms 
of cloudiness and wind. But Jiow can you predict when air 
IS going, to be uplifted? ' 

According to your moUel, air is uplifted in at least four 
major arji^as.' : . , ^ 

1. . Over a surface where air is heated. / 

2. Along line^ where there is sharp ditfenlncG in air lem- 
pera"ture. ' ' '1/ 

•3. la areas of relatively low barometricVessure. 
4. Where there are geographic features such as mountains. 



2. Lines of temperature differences between 
two air masses are called fronts. 

3. Fronts and low-pressure areas are Associ- 
ated with each other. They move together. 

4. Air masses, low-pressure areas, and fronts 
move generally from west to east. 

5. the approach of low-piessure area$ and 
fronts can be predicted by clouds, wind di- 
rection, change in barometric pressure, aod 
temperature change. 

6. A warm front Is caused by a relatively warm 
' mass of air advancing over a mass of rela- 
tively cold air. , 

7. A cold front .is caused by a mass of rela- 
tively cold air displacing relatively warm air 

8. Advancing cold fronts lift warm air Ad- ' 
vancing warm fronts result in the warm air 
being lifted. ; 

9. Fronts do not all move at the smme speed 
or in the same direction. 

10. The amoufvtof rnoisture in th^ nir controls 
the kind of weather along the front. 

11. Precipij^tion can be in the form of rain 
snow, sleqj^^or had. 

This Is the- model at this point. Students* 
should be expected to know the four major ' 



Here the fronts (lines of temperature d.ner- 
onces) have been named and the symbo^ 
given lor thom. Students w,ll not yo Know the 
characteristics of a warm front, cold Uont. or 
stationary lront....That comes later. 
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■ Predicting when air will be l.ftcd really boils down to 
knowtng wlK-n one or n.ore of these agents cx.st tn an u,e.. 
S.ncc niountains a.ld seacoasts don't move, >t ,s U,rl> easy 
u , redrct therr elTects. Bnt what about lines ol t6n,peralu,e 
d ,.nee and low-pressnre area.7 Do these things mo e 
abotu? If so, ts there enough orderMo thetr "--"Bj « 
predictions to be made? Figures 7-1 through 7-4 will help 

YOU find out. > - , ,^,.^^^,,r<. 

Figures 7-1 through 7-4 show temperature and picssurc 
da a Ibr most of the United States on four days in Apii . 
i::i::p..app^_i: .or ead. day ; one S-es tet„p<>.am,.^ whi e ^ 

and hieh pressure are labeled witTi mil. or anTrnirTnc 
nressufmaps Lines of temperature dilVerenees (Irouts) and 
S cove^are indicated by the symbols iden.iiied below. 



FRONTS 



in the next four pages of weather maps, data 
from the stations and the lines drawn have 
been broken Into t\NO parts, an "a and a d 
tor each map. This was done so that the maps 
would not be too cluttered with numbers and 
fivmbols. and also so that students would see 
the pressure pattern and the frontal (tempera^ 
ture difference), pattern, sfepara ely .^^^ theft 
learo td Connect them, l^ap •'a of f^\^^' 
.shows wind directions, wind speeds high- 
and low'pressure areas, and 'lobars Jabeled 
Tn inches of mercury at 0.11- or 0.12-mch 
Intervals. Map "b" of. each pair shows wind 
directions, wind speeds, temperatures, and 
..the Hn.e8 of temperature differences at the 
three kinds of fronts. 
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Figure 7-3a 
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Figure 7-3b 



85 



Kilometers 



Day 4 BAROMETRIC PRESSURE 



Figure 7-4b 



For those who are interested, the -hooked ' mass of cold air sorroundmy the wa.m air has 
frontal line 7t the upper right-hand corner is come together and occluded (.corTiplctely 
really an occluded front. This means that the lifted) the warm air.abovo the earth s surlace. 




Kilometers 



Day 4 TEMPERATURE 



□ 7-1. Did the low-pressure areas, shown first in Fi^uie 7- la 
diruon""^ '"""'^ "'^^ 

□ 7.2. Djd the lines of temperature difference, shown first 
in higure 7-lb. move during the four-day period? If so in 
what general direcUoa? 

Both pressure areas and lines of temperature difl'erence 
do move^ Those on your maps wandered farther to the cast 
durmg the four-day period. 

The fa# that cloud-forming agents move makes the job 
of weather prediction more difficult. You must find >^nrr,ewav 

your way. let's see ,f this can be done. First, we'll consider 
system P'^^'<^^^&, appxx)ach of a low-pressure 

Suppose you were living in Syracuse. New York. On Day 
1 of the data^ period (see Figures 7-la and 7-lb), a low 
pressure area would be lying to the west of you. Examme 
the data for Days 2. 3. and 4 and notice what happens m 

paLTby." '^P"^'^'^^ 

□ 7-3. What happened to the barometric readingin Syracuse 
a^he^ system moved through (rose, fell, or remained the 

SJ"stt:'rfdToui*'= """" "'-l-^Sy-se as 

SrouVs™'" ""^ 
D7.6. What observations could have been used two days m 

Now let's look for signs that could be usa to predict the 
approach and passing of lines of temperature difference For 
this, you should study Figures 7-lb, 7-2b, 7-3b, and 7-4b. 

_ Suppose you were living in Fargo, North Dakota when 
the data on Figure 7-lb were coUected. At that poim a line 
of temperature difference would be lying to the L^^^^ 



18 




29.80 



The movemont of low-prossure areas and of 
hnes of temperature difference becomes a 
part of the model, and is therefore important 
students may have to be reminded that ^ 
good scientific model (1) explains observa- 
tions or phenomena and (2) allows predlc- 
lons to be made about further behavior It is 
this recognition Of movement that will be the 
key to prediction of weather 



^'^^o'^etric pressure 
(falling) and wmd direction (shiftif>g from SE 
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7-11. Falling barometer reading and the ob- 
servation of a shin in wind direction from SW 
to S, or possibly the observation of an in- 
crease \n cloudinoss- (Note, however, that the 
air temperature is not a reliable indicator of 
the approach of the temperature difference 
line, but tt does tell when the line passes the 
station LMaps 3b and 4b]. It was a warm front, 
and the temperature jumped up from 3*^0 to 
18X0 



i 



7-12. The line approaching Selnia is a cold 
front; the line approaching Fargo is a warm 
front. . 
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□ 7-7. Is the air behind the Unc (lo the west) cooler, or 
warmer, than that in fri)nl of it? 

Examine the temperature closely for Days 2. 3, and 4 and 
notice what happened to the weather in F4rgo as the line 
of temperature difl'erence moved through. 

□ 7-8. What happened lo the air temperature as the line 
approached and moved through Fargo (rose, fell, stayed the 
same)? 

□ 7-9. List the changes in the wind dneciipn as the line 
approached and moved through Fargo. 

□ 7 -1 0 . Li s t t hcinge a itw t^-claud^i^ta^^ii^.,_iti^M^:ft£::^ 
proached and moved through Fargo. 

□ 7-11. What observation could have told you on Days I 
and 2 that a line of temperature difference was approaching 
Fargo? 

» ■ ■ . 

Now consider the weathc-r in Selma, Alabama. On. Day 
I an approaching line of temperature difference lies to the 
west of that city. too. Hut it's different from ihe one you just 
examined. Look carefully to see how. 

□ 7-12. 1 low does the line of temperature change approach- 
ino Selma" differ from that approaching Fargo on Di(y 1 in 
Figure 7-1? , • 

Look at the weather data for Selma over the .four-day 
period. * • 



□ 7-13. List changes in the cloud cover in Selma as the Imc 

of temperature difference parsed through. 

□7-14. List changes in the wind ^recti^n as the line passed 

through Selma. • 

□7-15. What happened to the air temperature as the Unc. 

p^sed through Selma? - ^ 

□7-16. What happened to the barometric readings afe the 

line passed through Selma? . " . 



I 

( I 




ERIC 



□ 7-17. What observations could have told you in advance 
that this luic 01' temperature Oillcrcnc. was approachnip 
Selma? • 7.7 . , ^ 

f'-if. Increasing cloudiness, wind tf6m the 
SW and S. falling barometer \/ 

Perhaps you now see what ''lines of temperature differ- 
ence" really are. They arc the edges of moving masses of 
warm or cold air They are called fronis. 

A warm front is^ mass of relatively waf m air that advances 
mto a region that is relatively cold. As the warm air ad- 
vances,, the lighter, warm air is forced upward over the 
heavier, cold air. This process typically takes place over a 
large area. In a warm front, both the air masses are movino 

m the same direction. The advancing warm ^u^_ma^^ 
than the retreating cold air ma^s. 



ing 



lo visualize this motion, imagine that you are looking at 
'the front from the side as it' passes by. This side view (or 
cross secUon) would be what you would see if you sliced 
dowii through the front from lop to bottom and laid it open. 
Figure 7-5 diagrams what a warm front would look like. - 





A cold front is a mass of relatively cold air that is dis- 
placing relatively warm, moist air. The warm air may be 
moved upward more quickly than it is in the usual warm 
front. Therefore, the dope of the cold front is steeper than 
that of the warm front. . Figure 7-6 diagrams another side 
view of theTrontal system. Study Figures 74 ^4 7-6 care- 
fully so that you understand thoroughly the diflerence be- 
tween warm fronts and cold fronts. 

Figure 7-7 shows a different view of warm and cold 
fronts— as if you were looking down upon them from out 
m space. This is the view you get when looking at a weather 
map. SymBols used by meteorologists are shown in the 
figure. 



A front is named by the.air that is doing the 
displacing. If warm is displacing cold, it s » 
±, warm front. If. neither qir is advancing artd , 
displacing the other. Ifs a stationary front. 

Cold Front 



1500 m 




j< 120 km 
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Figure 7-7 



A front could be <lol*nocJ as a lino ot di:icon 
tinuity betwoon two dissimilar air 'masses By 
./.dissimilar air masses Is meant temperature 
' and amount o1 moisture content (humidity) 
The air masses are dissimilar because of .(V) 
where they came from and (2) whor<i^tr^ey 
have been. (That's l^c the ditferenc<r^ In peo- 
■ pie being due to heredity and envifonmont.) 
^or instance, it the air came trdm northern 
Canada. It would be cold and dry .In Its trip 
south n would be warmed and moistened 
some* But It still might be colder and 'drier 
than air that came from the (Jult ot Mexico, 
even though that air would be cooled and 
l^rhap* dried some in traveling north. . 



Notice also that the isobars are •'kinked'* 
(make a sharp bend) as they crosS the Ironl. 
This is Or)« means of iocaling a tront on a 
, weather map. 




Notice the relationship df the fronts shown in Figure 7-7 
to c±h Other and to the low-prcst>ure area. The general shape 
should familiar to you. You've seen it on th? vy.«^lher 
maps you've been studying "and in the photograph shown 
:^earlier and reproduced again in Figure 7-8. • 



Figure 7-8 



In both l-igiirc 7-7 and J-igurc 7-vS the two Ironis and the 
low-pressure area actually form one large system. lA)ok care- 
fully oncc^inore at l igurcs 7-1 through 7-4. As you do, ii\ 
to answer these cjucslions: 

>n7-18. Are the fronts on the tcmporature maps located in 
^he same general areas as the low-pi^ssure areas on the 
pressilli6 maps? 

□ 7-19. Do the low-pressure areas move at roughly the same 
rate .And in the^same direction as any fronts near iheni? 

Well, the pattern on the maps is not completely clear, but 
two things are apparent. ' 

v^-^'. Fronti^^c always assochated with low-pressure areas. 
2- Fronts and pressure systems move across th«^ country 
■together. 

At this point, you have the chance to stop and gather your 
wits. You are tO' look back over all the photographs, maps, 
and illustrations' in the last chapter and this One. Build a 
picture in your mind (a model) as to what happens to the 
weather in an area as a large pressure system approaches 
and'passes through. Take plenty of tinxe lor thought. It will 
^ be important to what you will do ndxt Use the questions 
. below to gyide you in your thinking. You should discuss 
these questions with others who are at about this point. 

1. Approximately how wide is the Ivnd of cloudiness as- 
sociated wiih a warm front?, with a cold frdn*?- with 
a low-pressure area? 

2. How far ahead of each type of front or pressure area 
does it extead? (See 1-igure 7-7.) . ' . 

3. What is the pattern of winds ar9und a low-pre.ssure 
frontal system? (Sec I-igures 6-4, 6-7, 7-1 and 7-2.) 

4. How far do cold fronts, warjn fronts, and low-pressure 
\ -drcis travel in a day? Do^lhcy all move at the same 

rate? (Sec Figures 7-1 and 7-2.) 

How can 'you tell in advance when a low-pressure 
frontal system is approaching an area? -(Refer to ques- 
tions 7-2 through 7-17.), 

What is the relationship of a higli-pressure area to the 
moveinent and cftects of a low-pressure Irontal system? 
(See Figures 7-1 and 7-2.) 



•5. 



1his IS one ol iht' qurA (Jtffu nil tr^nq-; \o cj«jt 
;.lit<l(»nt-. \i> vlii I fU.'Hjt,if^<» SMI. til <jr(Hi|) tlis- 
oussions on thoso quusdor^s Of course, sti^i- 
donts are wuikiruj from a liniitcU number Qf 
observations of figures. photoOfOphs. and 
.rnups. a^uJ most of tfxiso have boyn goneral- 
uations All 'ho thmys thoy have CKamined 
will bo sul)jrot to excopttons 1 h<^y are g«t!m<) 
ready to prnd'Ct the woath^r AciuOl pie0ic~ 
tion IS at bost-a cortiplox and comphcatod 
task, oven with data from many sources not 
currently available to the students. ' 



CHAPTER 7 91 



1 * 



|;»:<«iiJ:s^[»li> 

cursion 7-1'ls a good summation on clouds 
llnd precipitation. It presents the electrostatic 
leoty ol raindrop formallon. 



In the flqii^e^ that .tollow. note tho^varying 
weather along a. front, depending on the 
moisture content ot the warm air. The mois- 
ture In air is the storehouse ot energy for tl>Qt 
air. -The latent heat of water Is such that when 
water vapor condenses to droplets, a huge 
amount of heat is given ott. This heats the air. 
which <lse8. cpols. and causes further con- 
deQsatlon. VIoient weather may result. 



When you tccl that you undeislanU how i)ass»ng tioui.s ^ud 
lo\Y-pressurc. areas' atVeci weather, you are ahiiost ready to 
apply tbis knowledge to your local %rea. Before you try to 
do lhi^A»^ough, you need to consKler two more subjects. The 
first is precipitation (rain, snow, sleet, and hail). The .second 
j^loiid type. 

Precipitation 

Wl\y does r^in or snowXll f cQIlL2PH^ip*'^ ^"^ ''^^'^ 
another? Why is this precipitation sonietimes a t^ownpour 
and sometimes only a sprinkle? Why does precipitation occur 
in so many difTerent forms? These arc not easy questions 
to answer. In general, it has been r?iore dilUcult to explain • 
how precipitation gets out of cVouds than it has, been to 
explain how clouds form in the f\r$t place. 

If yov are interested in learning how to mdke raindrops, 
see Excursion 7^1. "And the Rains Came Down." 

In Chapter 4, you-learned that water begins collecting on 
dust and salt particles when the temperature falls below the 
dew point. According to your model, this is 'what causes 
cloud formation. If the droplets combine inU2 li^rg^-'r 
IJh-ger ones, they become too heavy to stay aloft. Then they 
fall. Falling water (rain, snow, sleet, or ha.il) is called precipi- 

]lation. . * . . 

\Along fronts, warm air slides up over cooler air. As it 
ifUed, the warm air cools below the dew points. If the warm 



ir us quttfi! itt^ist (humidity ^is liigh) and/or the cooling is 
luitV sq.krc, precipitation is the likely result (Figure 7-9). 



/ 





\ 



r 

If the wann air is fairly dry (humidity is Jow) or if the 
cooling is* not great, only a few clouds may iurm (Figure 
7^10). 



It-has boon sjuJ that a faiMy roi>poctablo Job 
o\ woalhor piodiclion can bo dorm juSt by 
waichuuj clouds and wind dutictiot^ Tho sn- 
(iu(*tu of cloud lnrrnatu>iis ciii bo a (^ii'do 
io tho type of an approaching frant. As for 

figure 7-10 




/ 



Warm Air 
with Low 
Humidity 




Back up to the clouds 

I 

1 he second subject we w^ll discuss is cloud type. Over the 
years, meteorologists have studied the changes in cloud type 
as weather systems move through an area. They have found^ 
that the changes fall into the fairly consistent pattern shown 
in Figure 7-11. 



wind, an old "law." call<5d Buys Ballot's Law. , 
can be stated as followii. "In the Northorn^'^ 
Hemisphere, tace the wind, and (ho area of. 
lowest pressure is on your right." 

The pbwer of Buys Ballot's Law c^n be readrly 
seen. Knowing thatf winds rotate counter- 
clockwise in a low. and also that lows and 

Figure 7-11 * 




^ »i » • r,i nil haiir 



Clouds are often s^ken of as '^billboards of the sky.** A 
skillful observer can tell a great deal about forthc^j^ming 
wcaJlhcr by studying the clouds, * . 

□ 7-20, List in order the cloud types you would expect to 
observe as a. cold front approached your area- 



fronts move generally from west to east, then 
facing a south wind will meari that the low is 
approaching you. Face a north wind and the 
low is to the east and past you. Try it with 
some of the maps. • 
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Tables 7-1 and 7-2 are good summations, and 
should bo consldorod as koy qV*|istions and 
checked in the students' Record Books. 



□ 7-21. List 111 oidci the cloud types you would expect to 
observe as a warm front approached your area, 

.Now let's try to suxnmari/.c what you've learneVi about 
predicting the cflecls" of f rontal systems. Describe m Tables 
7-1 and 7-2 the changes you would expect to occur with the , 
warm and cold frontal systems. 




\ ^" ^ ^ Barpmdlrjic rcadixjg 




Table 7-2 ' 





. ^ . ■ * ■■ *■ * " v ■ ■■« . 


Along the Front * ^ 


Behind the Front 








» ■ ■ ■ * . 


p 'temperature -w'va.^-^..- 
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' '.. -You may have had trouble deciding how wind direction 
is affected by frontal systems.. Predicting changes in wind 
.direction requires that you know the direction before the 
front arrives- You would also need to know the direction of 
motion of the front. N«,ither of these bits of information is 
'provided in -Tables 7-1 and 7-2. » 



\ 
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PROBLEM BREAK 7-1 

You've been keeping a weather watch for c|uiic a while 
ilow. jYou should have 'quite a- coUcetion ol* data Tor your 
arcayon variables such as barometric pressure, wind speed 
andndirection, cloud cov^, etc. Here's ycVur chance to study 
ttfat data and find out if the patterns in weather change fbr 
your area'caii be explained by the model youVe been study- 

You should look for relationships between weather varia,- 
bles. For example, you may want to see if your data indicate 
that wind' direction is related to baiometric pressure, or to 
cloud type, or to dew ponit. Or you may want to find out 
if temperature ghange is related to humidity or to wind 
-Speed. Let*s suggest one approacli to getting an^wer^^ to such 
V questions. ' ' ' 

Suppose you want to find out how pressure change alTects 
temperi^^ure change. You could make a ta|)le like Table 7-3. 




Tabte 7-3 



Pressure Cftanga 



Prevailing Wind Direction for ihc 2nd Day of the 24-nr Period 



^ J^or^ One Day f 
■'^ ''/%io the Next 


f — 

Northerly 


J — . _ 

Soulherly 

t 


Westerly 


Ea.slcrly 


*- 

>\ Rising 
. ^ 


* 








, • Steady 






— r — 




! • • ■ . 
|r . • . .v. Falling 


, 'v ». • 

\i , ' 

' ■' ■-• 






1 


« 











lally the data from your weather watch in a table fike 
.7-3. Hach tally (mark) will represent one 24-hr period. Alter 
all tallies are made, you can judge the etlect ol' pressure 
change on wind directipn. You can even make some calcula- 
tions. Fqr exampie, you can calculate the lijcclihood that one 
kind of prqgsure change will produce a given wind direction. 
Suppose you want to know how often you can expect to sec, 
a southerly wind when the prcisure is falling. \icTc's how 
youHind out by using your d^ta. 

Sum up all the tallies in the entire table to get a grand 
total. Then divide this number into the number of tallies in 
the appropriate data box. Multiply your an^iwer by IQO to 



Moce||^id more of the work of the National 
Weather Servncelis concornod w»th r,l<irir>tjcs 
and computers* Here is an opportunity tor 
students to do a little simple statistical analy- 
lis. using their owfb observations. 
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get a percentage. 

No. of ta llios in data box. ^ 100 — % 
Grand total of tallies 

This percentage (sometimes called probabiliiy) is/i meas- 
ure of the likelihood that falling pres.sure will produce .south- 
erly winds in your area. Of course, this percentage i.s based 
on limited data taken at one particular timO of year. More 
extensive data might give you a didercnt percentage for your 
answer. Even with such limited data, a percentage of'this 
sort gives you more prcdictnig power than you had" bf forc. 

You should now .select the variables you want to investi- 
gate. Rc.c.otd -yoyrJiiiUings'Und conclusions in your Record 
Book. ^ 

□ 7-22. What do you think the weatherman means when he 
say.s "The chance of rain today is 30%"? Discuss why you 
think he would make such a statement. ' 

This- unit of work was not designed to make yau into a 
meteorologist. Its purpose was tl^ introduce you to certain 
factors that alVect weather and to help you put together <x 
simple model for explaining those eliects. You've seen that- 
there would be no change in weather without movement of 
air. That's why this unit is titled Winds and Weather. 

You've investigated many variables and .seen how they 
afH^ct the motion of air. You've learned something about the 
processes that form clouds. Perhaps you are still interested 
in learning more about old "cumulonimbus" mentioned .in 
Chapter 1. If .so, take a look at Excursion 7-2. 

Low- and high-pressure areas and frontal systems have 
V also been studied a bit. You are on the verge of being able 
.." to predict simple weather changcis in your own region. You 
^ can try your wings if you wish, by taking a look at Excursion 
1 :>I<til J , 7-3, "Predicting Weather." 

Don't be disappointed if you aren't conlident abouuyour 
predictions. Weather is very complicated -anil often unpre- 
dictable. If you don't believe it, ask any weatherman. 



Excursion 7-2 is an opportunity to look at one 
of the awesome ptienomena of nature— the 
thunderhead. 



i:»:oiij:t.i:»]k?V 



Encourage better students to do Excursion 
7-3, It Is the • pay-off" on the use of the model 
for predicting weather: 



Before sC^ing on, dov6elf-Evaluation 7 In your Record Book. 
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Excursions 



JDo you like to_ take trips^ to jry. something^ different, tojsec. 
new things? Excursions can give you the chance. In many 
ways they resemble chapters. But chapters carry the main 
story line. Excursions arc side trips. They may\help you to 
go further, they may help you go inib differejjit materiaK or 
they may just be of interest to you. And some excursions are 
provided to help 3^ou understand difficult ideas. 

Whatever way you get there, after you finish an excursion, 
you should return to your place in the text material and con- 
tinue with your workAlfhesc short trips can be interesting 
and different: 9 . 



I 
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EQUIPMENT LIST 

1 large plastic dry-cleaning bag 
Platitic straws 
Coiiophano mpo 
1 alcohol burner 



Hot Air Baitoon 



PURPOSE: To Show the buoyancy ol hot air. 



Excursion 1-1 



This is an advandm genijral-lnterest excur- 
sion. ^ 

MAJOR POINT 

A balloon Inflated with heated >jr will rlse^ 
through the cooler air/glving furthe\^ evidence 
that warm air rises. 



The basic equipment necdeU for a hot air balloon is an 
inflatable ftag and a source bf heaj. Aljnost any size and 
shafe oObag will work. ^ 

You can make your own balloon from a plastic diy^ ^ 
cleaning bag. The long dresls-size* bag will give the best re- 
sults. Here is what you and a partner will need: - 

1 plastic dry^-cleaning bag (dress-size) - 

Plastic straws 
Tlastic or cellophane tape 
' lv'^l(^hol burner 



ACTIVITY !• You want to trap hot air In the bag, «o check 
its sealed end for leaks. Do this by trapping some air in the 
end of the bag* " ^ 





Before any group begins, this activity, sure 
you are alerted to their activities, that 
the group chec4<s with you before using the 
alcohol burner for inflation. This excursion is 
a lot of fun. but there is potential danger. 



If you havo an oloctric tlotiron. it can bo usod 
for an altornatlvo (and noator) method of 
seating leaks in ttio bag. Smooth out the edge 
of the bag on a Hal surface. The edge with 
the leaK may bo folded over a small amount 
if desired. Run the hot^lron over just the edge 
to be sealed. 



ACTIVITY 2- It the bag leaks, you should seal It with tape. 
Twist the closed and and tie » knot In It. Trim ott the eatcess 
plastic with scissors. 




In order to collect hot air in the bag, you'll need to be 
able to hold the other end of the b^g wide open. You can 
make a ho6p or circle out of straws to do this. To find out 
how many straws to uSe, do the following activity. 

ACTIVITY 3. Flatten the bag out at Its open end. Measure the 
distance across this open end. Multiply this distance (vyidth) 
by 2. This will give you an approximate measure of the length 
of the bag's opening. 
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ACTIVITY 4. Plac« plastic straws together by pinching and 
foMIng one and of ona straw and inserting it Into another 
•Iraw. (Overlap of the straws should be about 3 cm.) The total 
%ngth of the straw chain should be equal to the approximate 
bpening of the bag (as determined in AcUvlty 3). 




ACTIVITY 5. By putting the two end atraws together, you can 
f^Mrmahoop. . ^ 




Plastic 
straws 



ACTIVITY 6. Uie a few short pieces of tape to hold the straw 
hoop inside the bag. Overlap the bag about 3 cm. 





Noto tno noeci tor your flpprovoi \\ the \nua~ 
Won and ascent Is to be done outside. It must 
bo a day with llttle^or no wind. It would proba- 
bly bo wise \ij have tire-extinguishfng mate- 
rials handy. ^ , 



ftS0 



. Some students will probably come up with the 
Idea of a wad of cotton soaked in alcohol and 
♦suspended at the opehing wlth-fine wire. This 
will work well (too well, in fact). Once the 
balloon has left it^ moorings, the flaming cot- 
ton can ignite anything that the balloon lands 
dji. You are going to havfi to use your good 
Judgment on the innovations, and also provide 
some cautions about working on their own 
outside of school. . v ^ 
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You arc n^>w icady lo cojlcci hoi air \i\ your bag. 

Caution nex( pari of (his excursion should he done in 

an area designated by your teacher. Be sure to ^et his approval 
before beginnifig. Use caution in work in with the alcohol 
burner, l^ie plastic baf^ doesn^t burn rapidly^ but it will -burn. 
Keep it clear of fhe jlame. 

^ ! ^ 

ACTIVITY 7. Hold the bag oyer ttie llgtited alcohol burner 
Cpntlnue to support the bag as the air inside is warmed. 




Caution Be sure to keep the sides of the bag away from the 
open Jlame, ^ 



□ 1. Describe your observation^|jy|jh»^g.as the air inside 
is heated, 

□2. What would you have to do, to keep the bag going up 
once it left the. gj;;ound? " . r ; ^ 

You may want to improve-your balloon. That's okay. But 
don't try other experin^ents using flames without your 
teacher's permission, ' . . 
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EQUIPMENT LIST 
1 woattior Instruiiieni 



Blowin' in the Wind 



urlng wmd d.,ecl.on and wind spead. Includ- 
ing tho U80 of Visual, nonlnstfumontal clues 



Excursion 2-1 



This is a general-interest excursion. 



Wind direction 



r 



n mounting the all-purpose weather instrument, the cir- 

t'h ' "^Ik /^r'''''" ''^^"'^ positioned so that 

the north (N) symbol points toward true south. Then any 
pointer reading against this indicator disk Will give the direc- 
Uon from which the wind is blowing. 

.. I!}£j^rUintjxM^^ that wind direction 

IS named accordinjTtHTn^Tdi^^ from. whichlTbiows"" 




MAJOR POINTS 

T Measufomont of wind direction is givon aa. 
the direction from which the wind is blowing 
2 In reading wind direction, the vane gonor- 
ally shifts back and forth. a.iU an average 

-reading 4s used - ' - 

3. An ifistrument may be calibrated by usino 
a standard instrument. 

4^ Wind speeds can be judged visually by the 
effect the wind has on common objects. 

Instruments are useful tools in malting scion- ■ 
itlc measurements, but we sometimes forget 
that many things can be "measutod" without 
them. For instance, wind direction and wind 
speed .caf) be measured with the weather 
instruments, hut fairly reliable measurehienfs 
can be made without them, as described on 
the next several pages. • 

Figure 1 



Although it is possible to use up to 32 points ol' the com- 
pass to name tho^ wind dircctioy, you will use only 8. YoU 
•can rcfid lho wind direction dueclly troni the position of* the 
movable pointer against the scale. A sketch ol the 8 duec- 
tions you may use appears in lugure 2, 



South 



Southeast 



East 



Northeast 




Southwest. 



West 



Northwest 



Figure 2 



North 



•f 

To meiisure wind direction without instru- 
ments, there are two common practices. In 
either one. the person must orient himself with 
true north by using a known direction of a 
road, facing of a 'building, landnrtarks, or at 
night, by sighting on the North Star Then (1) 
pick up some loose material, like dry grass or 
fine dust. Toss It In 'the air and watch the 
directlpn from which It is blown, (2) Moisten 
the forefinger and hold it aloft. The side of the 
finger that feels cooler Indicates tfie direction 
the wind is coming from. 



Usually, the pointer isn't stationary. It moves as the wind 
.shifts back and forth. But you can still get an average read- 
ing. For example, if the pointer moves about *as shown in 
Figure 3; ^thc general direction of the wind is estimated to 
be \x^esi. . ' 



FIguw 3 
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Wind speed 

The wcaihcr-siaiion insimniciU iiho allows you to measure 
the wind speed. The piinviple behind the xyjud speed in- 
dicator should be obvious. In ra(;t, you can easily buikj jour 
own wind speed indicator if you are interested. See I^gurc 
4 for hints on doing this. (You will have to lurnish the com- 
mon materials required.) . . 



Board- 



Nail 

support 



Nail 



-Motal strip 

Cm wide, - 
cut f rpm an 
aluminum or 
tin can) 



\ 



\ 



\ 



y Figure 4 



Your instrument will have to be calibrated in order to be 
useful in making you^ observations. To make the wind speed 
scale, wait lor a calm day> then take your indicator^br a 
car ride, • 



ACTIVITY 1. Hold the Indlcatof out the window of the car that 
is moving* The moving air will move the speed indicator Just 
as wind moving at the« same speed does* Mark the scale at 
intervals of 5 mph* 



This activity might even be done with the extra 
weather irlslrument supplied l*n*the kit. It could 
give a check on the calibration of the instru- 
ment. It must be done on a calm d^.# 



Viable 1 contains the first seven oi the read- 
ings Irom the so-called Beaufort Scale of wind 
velocities This scale wa^ dewsed <)y Ad«T»»rai 
Sir Franc»3 Beaufort of the. Brrjish Navy tn 
1605 as a method of estimating v^nds at sea 
for sailing captams It was later adapted for 
land use by adding objects that ^re commonly 
9«n»n m everyday life. It is romarKabfy accurate 



^ In keeping your weather walch, there may be times (espe- 
cially on weekends) when the weather-station instrument is 
not available. II this is the case and you don't have your 
own instrument, you can tstimalc wind speed fairly accu- 
rately. Table 1 will help you do this. The table lists common. 
Vents with the approximate wind speed associated with 



Tabto 1 



for the ranges of wind speeds givan. espe- 
cially when used by an experienced obtarvar. 
Note that the first two rows, up to 3 mph« and 
even possibly the third rgw. 4-^7 mph, are not 
readable with the weather instrument, so tfie 
visual Beaufort Scale takes on addled signifi- 
cance H might be a good idea for students 
to copy the table so that they would havs it 
tor weekend observations. 



Wind Speed 



mph 



Less than 
1 



1 to: 3 



4 to 7 



8 to i;; 



13 to 18 



\ 



19 lo 24 



25 to 31 



km/hr 



Less than 
2 



2 to 5 



6 to 11 



12 to 19 



20 to 29 



30 to 39. 



40 to 50 



Description of Behavior 
of Common Objccls 



Smoke rises vertically. 



4 moke drifts* but flags hang |imp. Ordi* 
ary wind vanes useless. 



. ^ ' '!■ ' 

Wind felt on face. Leaves rustle* Ordi* ' 
nary wind vanes move. i' 



Leaves and twigs in motion. Light flags 
arc extended. 



Dust and loose paper raised. Small 
branches are moved. 



Small trees begin to sway. WhitccapJk 
form on lak^es. 



Large branches in motion* Wires whistle. 
Umbrellas hard to use. 
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EQUIPMENt MST 
Nona 



PURPOSE: To OKtond tho students knowl- 
edge of oloudo 



Billboards of the Sky 



Excursion 2-2 



^ . ^.^ - ^- ^ . 

This Is « gsneral-lnterest excursion. However, 
there are important Applications of it in try 
frontal study and weather predicting later on. 



Since ancient times, men have watched the skies and tricji 
to predict ^e coming weather by what they observed. Long 
before the clouds were given scientific names Xo identify 
;them» they were described ijn terms of things that they resem- 
bled. Thus, statements like the following were commonly 
i used: . / 

^. ' ■ ' ^» 

**Mackerel scales and majTc's tails ^ 

, Make lofl^ ships carry low sails, 
ngura 1 ""Mackerel scales 



1. The appearance of clouds in the sky can 
be described in terms of common things they 
resemble. 

2. The scientific names for cloud types mean 
things hke "curl of hair" (cirrus), "spreafj out" 
(stratus), and ' pile ' (cumulus) and denote 
families of clouds. 

3. Families of clouds, can be found together 
in different combinations. 

4 . Cloud families are found at particular alti- 
tudes in the sky. 

5. Sometimes one type of cloud can change 
to another type. 





/ 



The appearance of clouds as neat rows of small patches 
resembling the scales of a fish (Figure 1) or wispy filaments 
like the curling hair in a horse*s tail (Figure 2) foreU>14 a 
storm. Upon seeing these signs* sailors would lower their 
ship*5 canvas. 




Studtnts will tater learn that cirroform types 
of clouds may precede a tront by tn*f\y rniies 
and be a ftrat indicator ot approaching bad' 
weather. v 

For your Information, one Useful way of cate- 
gorizing cloud typ^a ia by ttie following four 
families: 

1 , Cirrd-typtt» consisting of cirrus, cirroatr.atus 
mn4 cirrocumulus 

2. Alto-type, consisting ot i^ltostratus and 
•Itocumulua 

3. Strato^type. consisting of stratus, strato- 
cumulus and nlmbostratus 

4, Cumuto-type. consisting dt cumulus and. 
'cumuiohlmbus 

The families in general bccupy a particular 
•ititude-rangeltMce^jtthe cumulo-type. which 
are found at^all lY'ghts). These heights, are 
given m (he matertal (h«| tollow^,. 



EXCURSION 2-2 



Of all the diffeignt elements of the weather that you will 
be studying* clouds and the forms of moisture that come 
from ihcm arc the only things that arc generally visible. We 
can describe and name clouds by their appearance* You 
don*t have to rely on an instrument for their description. If 
>you learn the vocabulary of the cloud types, you can read 
them like a billboard* And you will also have some idea of 
coming events in the weather* 

Much like people, cloud$ tend to be found in families* 
The three cloud names that you have used in Chapter 2 
(cirrus, stratus, and cumulus) are really family names given 
to them by a nineteenth-century chemist named Luke 
Howard. Cirrus means **curi of hair " stratus means '^spread 
out,** and cumulus indicates a -^ilc." Also like people, there 
is often a combination of familie^SvThis means that there can 
be cirrus and cumulus conibined, or cumulus and stratus, 
or sti;i^s and cirrus>Thus, the mackerel scales. (Figure 1) 
mentioned in the weather adage are really cirrocumulvs, or 
••wispy ^ilesu^l 



All curus-type clouds arc lound at ingli alt.iudcs, Iroin 
6.100 meters (20.000 fc^t) on up. At these heights, the tem- 
perature IS so cold thatMc clouds arc composed entirtjly of 
ice crystals. These crystfs arc very fine and delicate This 
accounts for the hazy. limy, and wispy appearance Gf\he 
clouds. A cirrostratus cloSd^just a high sheet of ice crystals 
spread out at one level abSve the e^tth. .These clouds give 
the sky a filmy appearance iuid cause ^ring, or halo, around 
the moon or sun. (Sec Figure 3.) 

Cirrostratus Clouds (Wispy and spread out in a layer) 



1 



Tho avorago rate of cooling with altllude is 
3.2^F per 1.000 f^ot (0,6*^0 pur 100 m). 



m 



-mm 

..Mfe 




The three main categories pf clouds often have other 
names added to them to further describe somp of the varia- 
tions. The prefix alto (meaning -high") can be added to the 
terms sU-atus and cun?ulus. To indicate a high, spread-out 
layer of clouds, the word altostratus is used. Clouds at hich 
alutude and piled up are called altocumulus. They are found 
frouf 2,440 meters to 6,^00 meters (8,000 feet to 20 000 feet) 
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Figure 3. 



EXCURSION '^i. 109 



^1^ 



figure 4 Altostraius ^^^^^ ^^^^^ '^^ ^^o^ a cloud designated as 

.altocirrus? ^- ^'^rua are high clouds and «llo means 

high. 80 it would be like saying a "high high cloud 




- Figure 5 Altocumulus Latin word nimbus, tticaning "rain cloud,*' is often 

used to indicate a cloud from whicji precipitation is falling. 
Thus, heavy stratus clouds from which rain or snow is falling 
ard called' nimbostratus. Stratus, stratocumulus, and himbo- 
stratus arc found below 2,440 meters (8,000 feet). 

■•X.' . ' 



11 a EXCURSION 2-2 
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Stratus Cloud Fogging near the Top of a Mountain 
Stratocumulus 

(Spread-out layer of piled-up clouds) 
Figure 7 




Figure 6 



Nimbostratus 
(Spread-out rain clouds) 
Figure 8 




JFRICI 



i 



Cuinului» and cumulonimbus. (ihunUcihcad) .ck)uds arc 
found at all altitudes, from 2,440 meters (8,000 I'eet) to 18,300 
meters (60,000 feet). The cumulus is the typical cloud of fair 
weather, resembling U flutfy white pile, A cominuous growth 
of the cumulus cloud produces the fierce cumulonimbus of 
the thunderstorm, %his cloud is the one associated wiih our 
Cmnulus (Pilcd-up clouds) . Figure 9 most vicious weather, including tornadoes and hailstorms. 



9v 





Cumulonimbus (Piled-i^p rain clouds) 

»• ■ - ' . • 

Figure 10 



□2» Now see if you can identify sonje of the ten varieties 
of clouds that have been mentioned. iSon't look back to the 
descriptions unless you hsive tO; 




1 



.n": 




A. A high sheet (2,400- 6, 1(K) meters) that makes the sun . 

appear as if you were seeing it through tissue paper. Figure 11 




B: A low cloud (belovv 2,440 meters) that looks like a layer 

of rolls or twists. Figure 12 





Figure 13 C "Thunder sky, Not Coo long dry." 
Figure 14 ; D. The cloud that gives the all-day drizzle. 





I:. What cloud lypc Ks called a Ibg when it is right down 
on the ground? 



V. *i caihery sky/' . pjg^^^ ^5 




Figure 17 H, 'Mnjhc morning, mountains. In the evening, louniains/^ 
Rgure 18 I. "Curdled sky, Not 24' hours dry." 




Check the answers below to the ten cloud types. Then, 
as you go through the rest of the unit, see if you eUn deter- 
mine why the weather adages give a clue to 4he coming 
weather in terms of the model that you develop. 
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A. Altostratus 
D. Ninibostraius 
G* Altocumulus 



B. Stratocumulus C* Cumulonimbus 

Stratus F. Cirrus 

H* Cymulus ' L Cirrocumulvis 
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EQUIPMENT LIST 
None 



PURPOSE: To assist students in converting 
from the English to tho metric system tor tein- 
poraturo. spued, and prci:ipitation. 



The Conversion 
Excursion 

This excursion Is both remedial and general 
interest. 



Excursion 2-3 



/temperature 

SCAUES? 




I^AJOR POINTS 

1 . Temporalures on weather reports and from 
the weather instrumor]! are given in Fahron- 
hcit degrees and need to l>e converted to 
Celsius degrees. ^ 

2. Wind speed can be converted from the 
English system in miles^per hour lo the metric 
system Tn - kilometers p'eFhou r," 

3. Precipitation In Inches can be converted to 
centmieters. 



Temperature 

So far in the ISCS course, you^iave measured temperature 
in Celsius units. On the Celsius !>cale, the freezing point of 
water is O^'C, and the boiling point of water i» 100°C. The 
temperature on a warm, spring day might be something like 
24 '^C. Ho'^ever, when temperatures ay? given in a newspa- 
per, radio/ or TV weather report, these temperaturH^rc 
usually given in Fahrenheit degrees. When jccordinPyour 
own weather infolrmation ^n this unit, you may also Bsc 
Faj^renheit degrees. H the jpahrenheit and ^elsiu^i. 

ic^mperature scales re| 
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In actual practice, this excursion will be used 
more to go from the Celsius readihgs given 
on the weather maps in Chapter 6 and 7 than 
the other way atoupd. We just aren't yet used 
to the metric system. 



t17 X 



No attempt is made to use.the mathemai^cal 
i^mulas for conversion of temperatures. The 
table does the job- But for your information: 

^'F °C X H + 32^ 
A quick question for students: At what t^m- 
.perature reading are ^'F and numerlcaily 
the same? Answer: -40^C and F ' *^ 



( 



l-igurc 1 shows hovt' ihc same ihcrmoinclLM would look 
if marked in degrees Celsius (a) and in degrees 1-aluenheil 
(b). 

Celsius Fahrwnht^tt 



90 



80 



70 



60 



50 



40 



30 



20 



10 



Boiling point 

100 212 

ot water 



Freezing point 
0 . 32 

> of water 



210 
200 
190 
180 

170 
160 
150 
140 
130 
120 
110 

too 

00 

80. 

70 

60 

50 

40 

30 



Figure 1 



(a) 



(b) 
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□ 1. Ho\v many degrees separate the freezing point and the 
boiling point of water on the Celsius temperature scale? 

□ 2, H-ow many degrees separate the freezing point and the 
boiling point"Of water on the Fahrenheit temperature scale? 

□3. Which is the higher temperature, 50"C or 50° F? 

□ 4. Which is the bigger temperature change, 10 degrees on 
the Celsius scale ,or 10 degrees on the. Fahrenheit scale? 



Tabic 1 ca.i be used when you need to make a uuick 
convensu>. (roni oqc scale ,o the oihc Vou may warn to 
lound oil (he 1 ahicnhcu tc.n,K■latu^e^. 

Table 1 





T 


*C 


'F. 


49 


12D.2 


' 31 


87.8 


48 


U8.4 


30 


86.0 


47 


116.6 


20 


84.2. 


4^ 


114.8 . 


28 


^2.4 ] 


45 


113.0 


27 


80.6 


\44 


111.2 


26 


K'78.8 


43 

1 V- 

1 


109.4 K 


25 


77.0 


42 


107.6 


24v 


75.2 


41 


105.8 


23 


73.4 .. 


40 


104.0. 


22 


k"" — 
71.6 I 


39 


102.2 




21 


69,8 


38 


100.4 




20 


68.0 


37 


98.6 


19 


66.2. 


j 36 


"96.8 


18 


64.4 


1 35 


95.0 


17 


62,6 


34 


93.2 . 


16 


60.8 


33 


91.4 




15 


59.0 


32 


89.6 




14 


57,2 



13 .55.4 



12 53.6 



V 51.3 



10 50.0 



9 48.2 



8 46.4 



7 44.6 



6 .42.8 



5 4i.O 



4. 39.2 



' 3 L37.4 



2, 35.6 



.1 33.8 



0 32.0 



-5 23.0 



-6 J 21.2. 



7 19.4 



r8 17.6 



-9 15.8. 



- 10 14,0 , 



11 12.2 



12 10.4 



-13 8.6 



- H 6.8 



-15 5.0 



-16 3.2 



-1 



-2 



-4 



30.2 



28.4 



26,6 



24.8 



-17 1.4 



-18 -0.4 



-19 -2.2. 



-20 I -4.0 



-21 -,5.8 



22 1-7.6 





! 


— 1 — — m 

op 




-23 


-9.4 






.. -440- 


-25 


-13.0 


-26 


-14.8 


-27 


-16.6 


-28. 


-18.4 


-29 


-20.2 


-30 


-22.0 


-31 


-23.8 


-32 


-25.6 




-33 


-27.4 




-34 


-29.2 




-35 


-31.0 




-36 


-32.8 




-37 


-34.6 




-38 


-36.4 




39 


-38.2 

> 




40 


-40.0 



13,9 



Conversely, the number ol km multiplied by 
0,6 ml/km will give the answer in milos 
(approx.). 



Speed 

The wind speed indicator on ihe wcuthei-sialion iii-siiu- 
menl is calibrated in the Hnglish system (miles per hour). 
You may want to convert linglish miles to the metric system 
(kilometers per hour.) 

In a mile, there, are about 1,600 meters, or 1.6 kilometers 
(abbreviated km). Thus, if the number of miles is multiplied 
by 1.6, the answer will be in kilometers. 

[GGY SETS P^EW 
SPEED MAI^ 

M/HR 
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t]5. What is the wind speed in km/hr if it is blowing at ; 
a rate of 10 mph? 20 mph? 25 mph? 

□ 6. Wind is considered to be of liurricane f(W if it's speed 
IS 75 mph or above. Uow fast in km/hr would this be? 

□ 7. A breeze 61' 64 km/hr has what speed in mph? 
Precipitation 

The precipitation gauge on the weather-station instrument 
is calibrated in inches. Precipitation figures given in the news 
media (newspapers, Vadio, TV) are also usUally in inches." 
. It is an easy task to convert inches to centimeters. • 

There are 2.54 centimeters in each inch. Therefore, if the 
number of inches is multiplied by 2.54, the answer will be 
in centimeters. 

□ 8. Suppose the rain gauge shows that 2.^ inqhes fell last 
night. How many ccntimej^ers of rain feU? . • 



! 

i:. 



jr.. 

i ■ 



EQUIPMENT USX 
None 



The Pressure's On 



This excursion is for remedial aixJ general- 
interest usage. 




PUri%)SE: To oporationally define pVessuro 
as force per unit area. 



Bxcursion 3-1 



MAJOR POINTS V 

•1. When force (weight) is spread- over a 
greater area, it is loss concentrated. 

2. Pressure is a meafiuro ot how concen- 
-tratod a torce isf; and teJrtatedinunttSoT fprce 
divided by unit of area. 

3. Air has weight and exerts pressure. 



The term /^/-mwA-^- will b¥used niany times in this liliit Do 
you understand what it means? Test yourself with the fol- 
lowing checkup^When yoy have finished, check your an- 
swers at the end 6f this excursion. If you get both answers 
^100% correct and are satisfied that you fully understand pres- 
sure, skip the rest of this exdtfsion. 



Note the. use of a checkup in the excursion 
as a means of (inding out if the student needs 
help on pressure. 



it 



If you are less successful /or hav<; any doubts, stay with 




CHECKUP 

1. In your Recwd Book placo^a check by any of the foUowmg 
that could be a measure of pressure. 



a. 7 pounds ( ) 

^ b. 9 new tons (__) 



500-pound bar 



d. 4 square inches (_) 

e. 8 newtons per square 
meter ( ) 



c: 6 pounds per square 
inch (. ) • 

2. A .^OO-pound metal bar is lying on a bench. The area of 
the bottom of the bar is 50 square inches. What is the 
pressure of the bar on the bench? (____) 




« ► . 



V 




A 200-pound man walks across soft snow. He sinks into 
the snv)w op to his knees. After putting on a pair of snow- 
shoes, he leaves only a sliallow footprint as he walks across 
the same snowficld. Certainly the man doesn't weigh any less 
after he puis on snowshocs. (In fact, the weight of the snow- 
shoes would increase his total weight.) 

ni. Why don'i the man and his snowshoes sink as deeply 
into the snow? 

In answering question 1, you probably used thc;,id<^a that 
snowshoes spread the rnan's weight over a biggcr'^rir^a^ his 
idea is the key to understanding pressure. Whether IheTnaa 
is wearing snowsl^cs or not, his' feet push on the snow with 
a forcp of lOCL^ounds (his weight). When he wears snow- 
shoes, this force is spread out over a bigger area. The term 
pressure is used to describe how concentrated a force is (how 
much force there is on each unit of area). One of the com- 
mon ways that pressure is measured is in pounds per square 
inch. Suppose .the man lakes a walk with one shoe and one 
snowshocJ To make the calculations simple, let's suppose the 
total area of the man's shoe is 50 square inches, while the 
total area of a snowshoc is 400 square inches. . 



200 lb 



Ordlhai 



OrdmafV shoe 



200 lb 




50 square inches 




400 square inches 



Thus, the force exerted by each square inch of the shoe 



IS 



EXCURSION 3-1 



■ 200 lb/50 sq in, = 4 Ib/sq in. 




Tins lorcc per square inch is the prcssme excricd by the- 
man on the snow under his foot. AH the man's 200 pourid^ 
is spread over 50 square inches of snow. 

The force exerted on thfi snow under the snowshoe can 
be calculated in the same way. Each snowshoe has an area 
of 400 square inches. It is pushed into the snow with a force 
of 200 pounds if the man is putting all his weight on one 
foot. 

□2. Calculate the force exerted ori each square inch of the 
snowshoe. 

: .■ : v. 

Wc can use this idea of pressure to explain why the man 
docs not sink ijnio tlic snow when wearing snowshocs: 

When wearing shoes, th<? pressure of the shoe on the snovn 
is four pounds per square inch. When wearing snowshocs, 
the pressure of the snowshoe on the snow is less, only 0.5 
pound per square inch. 

Pressure, then, measures the concentration of a force', 
can be operationally d<i!hned by this formula: 




>Mcour»o, what Innl montio-iofl lorn but is 
' neWhelosB true Ip UuH air prosyuto- ts ex- 
erted IrTwi directions. Unliko tlio shoes or the 
snow6hoo». which oxortod only a downward 
pressure on the snow, «ir prosuuro Is oFso 
. oxertqd sideways nnd upward on the building, 
and ir9n the l«»&«do out as well as trom the 
outside in Thus, eve.^ though thorb is an air 
pressure on the houso ot about 14 pounds per 
RQuard inch trom tho putsldo (doWnward. in- 
ward) thoro is an equal pressure ot about 14 
pounds por square Inch trom the inside (up- 
ward outward). Thorctoro. unless the tiouse 
Is sealed t.ght and leakproof. and the air 
pumped out ot It. there Is no danger ot col- 
lapse from these ttomcndous torCes and 
pressures Tho torcos and pressures Jiro bal- 
-^ncod 4,i«tde^and-out*ule.aeaiDSL«iiClIotiier.. 



IU.1 what ubout a.r pressure? Like the nr.xn, at.^has we.ghl. 
la tact, iho a.r^abovc your house or apariuK-m (a.ssumc the 
roof or the house lo have an area of 1,500 square icci is 
about 1,550 tons (3.100,000 lb)! A:ir is noi hj:hi! But what 
about the p.essure? Siiue the 1 .550 ions excrlcd by th.,s great 
weight Ls spread over the loinl area of your ho^se, you can 
determine the air pressure on it. 



3.100.000 Ip 




1,500 square feet :^ 216.000 square Inches 




nil r-. 


0 • 
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If wc apply 4hc operational definition \lxai pressure = 

forc(g (lb) ^ ^j^^^^ ^j^^ ^.j. pr^ssur^. on the house Vould be 
area (sq in) ' 

3,100,000 lb 
airprcssurc^— ^^^^1^— ^ 

= about 14 Ib/sq in. 

.Every square inch of roof has 14 lb of air weight on it. ^ 
For answers to the checkup, invert the page. 



r 



fc'QUIPMhNT LIST 
Anrrold baiomotor 



Measuring Air 
Pressure . . . 
in Inches? 



This Is a general-Interest excur 



aion. 




PURPOSI-:. To prosont a historical tront/nei 
qf TorricGlirs mercury bnro.notor. und appi- 
It to the aneroid borometOf. 



' Excursion 3-2 



MAJOR POINTS 

1 The mercury baroq^oter was Invented by an 
Italian scientist namey Torriceili 

2. An aneroid ba/ometer.. uses a-ccHtepajbte- 
box Instead of a column ot niGrcury. 

3. Pressure can bo measured in mlllibaru 

4. When' the |5res8ure. Is given in inches of' 
mercury, <r is telling Ihow tall a column of. 
mercury the pressure q( the aiXcould support. 



What 'does it mean to .ay that thc> attrnVspheric pressure is 
30 niches of mercury? What has the J^ngth of mercury got" 
to do with pressure? - *J b^*- 

. The first person to use the length^ of a Column of mercury ■ 
to measure air pressure was Evangelista Torricclh, an Italian 
who dipdat age 39 in 1647. Rather than describe TorricelliV 
expenments to you, we will give yoy the chance to read some 
of hts own words. The letter that appears on the following 
pages IS part of a longer letter written by Torricelli in 1644 
We found this old document of great interest and hope you 
may, too. A few marginal notes have been added to hcln 
youundcrstand .il.,. ; ^ uu^u lu nup 
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I. 




Florence, June 



•7 



TorriCOlli tells Rlcci that 
he has constructed an 
instrument to measure 
changes in air prQSdurei 



Air pressure is due to. the 
weight of a column of air 
.80 mHps high. The air Is 
mo$l dense near the earth's 
surface and much )es3 dense 
at higher altitudes. 



• weight ■.<./«'»t«^ , , . 



■ ^ . ■■ , ■■ '.V. ■ ■ 



AG 



I'^RICI^^^ 




fiave „m{ - 

'"'"■'d Z,^:'^"' s.,o th , ' 

/■ 



'A gtn$s tube* abbul Ihree 
feet long was filled wUh 
mercury (quicksilver) 
and Inverted \}\ a bowl 
ot mercury. 



2)1 



The levoJ of mercury in 
the tube fell until it was 
about 30 inches above 
the Ibvel of the mercury 
in the bowl. The spaCe 
above the mercury . 
column was essentially 
a vacuum. 



— Vacuum 



— ^^i^ 



rcury 
column 



30' 



I Mercury. 
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—rne column ot mercury 
is supported by air 
pressure. 



Air pressure will 
support a column of 
water about 34 feel high. 



TorricaHl did not choose 
to use the instrument to 
measure aic pressure 
because he considered 
the height of the column 
to depend also upon 
temperature. This effect is 
actually very small and is 
usually ignored, 



(„, dow« «-'«™» ,i , is in howl lyrc r«b ■ 

O , ike surface of ' J ,t , «ir; -h™ u>(..a u.«-W.r 

„r ^huh loncs .1 "I* " " „, ,S cM>s. that ... «^ 

„„ah more than ""-'^^^ ^nl,^ the .a.ne cuuse 
lhan water, so «5 "' ' ' 

. . , endeavored "/I";;,, ; 
•■ revmnartccs which are f U >" '' J ^^^^ „hid, 1 cannot 

TacLn. and 1 have 'wt l/ f ^t wtU pe^cewe^ 

■ deal sacce^sfully. know I « !/0" f ^^^^^ unll 
nu.ny oh]ectlons. ^ ^ZVlaZnl was not aUe to carry 
U resolved. My ^"^"^[^'^2 atmosphere is grosser 
■ „„( that is. to recogmu , , 'il lill'ter. hecaase the 
Zvier and when il .-^ '""Vr /hangl for some o.l..r reason 
level AB , A eiec ally as it is 

,0 coU or heat, exactly as H tne 

• yoar devoted and^^l^-'' 
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Instead of using *a mercury baroniclcr to measure air 
pressure, you will be using an ancroicl barometer. It is ealled 
aneroid, meaning "vviihout fluid/' because it uses, instead 
of lluid. a small .disk-shaped box from which most of the 
air has been removed. The disk can be seen in most aneroid 
barometers by looking through the hole in the diah The disk 
will look something like the on^^drawn in Tiguie 1, 



Air pressure 
increases 



If you hiivr. or can procure, a inercury ba- 
rometer for cornparir.OFi. it will help with the 
whole au pressure concept 




Air pressure 
decreases 




Disk 
with most of 
the air removed 



As the air pressure on (he disk changes, tlje top and bottom 
are squeezed together or expand, causing'lcvers and springs 
to move the pointer. 

You will notice that there arc two circular scales on the 
barometer face (Figure 2). 



^ Figure 1 



Actually, tho commercial baroinctor is oo\ :oo 
dissimilar (^omnhe studoiU-consiructed one in^ 
principle ot operation. 



Figure 2 





Barometric prossuros on ilAfUlard wtmlhor 
maps aio qivum in niillibof^j. F unUani«i\tuHy. 
the reason that millibars arc used Instead of 
Inches of mercury Is that the latter are not 
pressure units, while the former are. To be 
perfectly precise, a milMbar Is one thousandth 
of a bar.-A'bar is one million dynes ^mr square^ 
centimeter. A dyne is a metric unit of force 
approximately equal tor the weigbt of a milh- 



l:»:<«iiJ:tci:»]L> 



^ram. and is equal to one o/ie-hundred- 
thousanith (0.00001) of a newton. So a milli- 
bar is 1.000 dynes per square cm, or 100 
newton^ per square meter. * 



riic U)p scale (cIIn \o\\ iIk' Iu.mi>Iu in iikIics io wliicli a 
column of mercury can be supported by (he pressure of the 
air. Remember thai Ibrricclli Ibund this to be about 30 
inches. 

The^ibottom scale rocords^the air pressure in millibars 
(mb). A millibar is a measure ol' pressure. Remember that 
jlressure can be expressed as the amount o(^ force per area 
(see Excursion 3-1, "The Pressure's On"). One miHibar ol^ 
pressure is the same as 0.0145 pound per square inch. I he 
air pressure needed to support a column of mercury 30 
inches high is 1,016 millibars. . ' 

Q1, 'What air pressure in pound:> per square inch is "required 
to support this- mercury column of 30 inches? 

□ 2. How many pounds per square jnch of pressure are 
required to support a 29-inch mercury column? 



For your weather watch, you should iccord the baroilictric 
pressure" in inches; tl;ius, you can ignore the millibar scale. 

Now let's find out how to opera-te the aneroid barometer- 
Notice that halfway between 29 and 30 on the barometer 
scale is the numeral 5. 11^ the black ng^jdle were directly on 
that line, the reading would be 29.50 inches (Figure 3). If 
it were on the dark line just to the jight of the S, the reading 
would be 29.60 inches. 
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Figure 3 



29:50 




i>9.6Q . 



■ • ; 



□ 3. Go lo where the aneroid barometer is located in your 
'room (or m the weather station) and record tjie air pressure 
in inches. ^ 

Note tho a>:,tructior^ for Ihe ituderit lo check 
the reaOiruj wilh you. 

Before continuing, check your residing with your teacher. 
You will notice that there is a silver needle on the barome- 
ter. This needle can be used as a marker to help you keep 

track of how air pressure chunges from one reading lo the , - 
next. By setting the silver needle directly over the^ black 
needle, you can see how much, if any, the black needle has 

moved when a later reading is made. You can move the silver '* . ' 

needle by turning the knob on the face of the barometer. 
Thks will be very useful because you can immediately tell 
if there was a rise Or fall in the pressure since the last reading. 

□ 4,- I^igure 4 shovys the position of the black needle about 
twelve hojurs after its position was marked wilh tht silver ^ 
neecilc. flow much has the barometer reading changed in . 
the twelve hours? ' ■ 



5 Figured 4 




□ 5, Does the change in pressure represent a rise, or a fall, 

in air pressure? " ' . ■ ' . 

' ilere is a good technique to use when reading-an aneroid ? 
barometer. Gently lap the glass of the barometer before 
taking the reading. This will force the needle bearing if it 
is sticking slightly — a comhion occurrence in many aneroid^ • 
barometers. Try it and see. 

Jf you are not sure of your ability to '*read" the aneroid ^ 
barometer, test yourself with the three problems in the fol- * • ' 

lowing ehqckup. You can chedk your answers at the einl of the 

checkup. * ^ . ^ - EXCURSION 3^2 131% 

« . * . • • • *■ ' ' 
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CHECKUP 



1- 



Move the silver i^dle on ihe aneroid barometer (by 
turning the knob) s6 that it points to 29.20, 

2. Move the silvei needle so ihal il points (o 29.85. 

3, What is the barometric pressure, in inches, shown in 
Figure 5? * * 



Figure 5 




Note that you are being called on for aid. You 
will have to use your Judgmrn^ on \^hat reme- 
diation Should be recommended. Possibly 
going back through the excursion ^wolild 
suflice, ) . • . * 
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Answers to checkup 
1, 





3J 30.12, or 30.13, or 30,14 ^ 

If you missed any of these, and don't understand why- the 
"1 answer^ given are correct, talk it over with your teacher. 



EOUiPMENr LIvSl 

1 thofinomtjtor 
1 pi^ce of wick 

1 babyhood jar 
Alcohol (burner fuel) 



The Shivering 
Thermometer 



This is a generai-intereslsexcurj;ion. 



Try to remember your last vaccination. Was alcohol used to 
clean your arm? If so, you probably aoUced that the cleansed 
spot on your arm fell cold. Why? 

ACTIVITY 1. Lick the back of your hand. Wait a few seconds; 
then blow across the wet^pot, ^ 



the particle model of matter to evaporation 
and condofi^ution. 

\ 



Excursion 4-1 



MAJOR POINTS 

1. Hvaporation of a liquid causes cooling of 
the surface it was on. 

2. 1 he faster a liquid evaporates, the greater 
the cooling of tho surface. 

..,.3, lh£i.pafticle.fnod^*i-4s-applted-to.«xf>tain-the * 
phenomenon of evaporative cooling. 

A) It predicts that ehorgy is absorbed by a 
liquid when it changed to a gas. 

B) It also procicts that a flow of air over a liquid 
causes more rapid evaporation. 

C) The particle, model predicts that as a gas 
cools, its particles lose energy, move more 
slowly, and are attracted together (con- 
dense) to a liquid. 

4. The model suggests that when air is satu- 
rated, i^s many water particles return to liquid • 
as would leave the liquid. 



ni. Describe how the wot spot felt before you blew across 
it, And then while you blew across it. 

Let's find out more about this c(Joling. You will need the 
lollowing materials; 

1 thermonictcr 

1 4-cm pi^e of wick 

Baby-food jar half-lUl<;d with alcohol 

■ 153 
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ACTIVITY 2. Place a dry wick over the end ol a thermometer. 
In doing this, your fingers will probably touch the bulb and 
cause the temperature to rise. When the temperature returns 
to normal, record It as Temperature A In Table 1. This Is the 
temperature of the air. 

Thermometer 




ACTIVITY 3. Place the thermometer In the jar of alcohol. 
Record the temperature of the alcohol as Temperature B in 
Table 1. 



Alcohol 




ACTIVITY 4. Remove the thermometer from the alcohol an^ 
wave It around for about 15 seconds. Record the temperature 
as Temperature C In Table 1. 




.1 



5k 





1 


I;- 
















1 








1 


^^^^^^ 







Tabid 1 





TcnijKMaturc CC) 


Tcmpcraiurc A 




Tcmpcraiurc B 




Temperature^ C 





□ 2. What is the ditlcrcncc between Temperature A and 
Temperature B? 



What is the dillerence between Temperature B and 
Temperature C? 

□4. How do you explain these dillerences in temperature? 

You probably found that the air temperature (A) and the 
alcohol temperature (B) were very similar. However, Tem- 
perature C was much lower. 

□ 5. What happened to the alcohol as the temperature 
dropped? 

t 

Alcohol was used in this activity because it evaporates 
rapidly. This evaporation is related to the temperature drop 
that you ob.<ierved. Blowing across the wet spot on your liand 
. speeds up the evaporation of the liquid. You can compare 
the cooling ellect of evaporation of the two liquids. 




ACTIVITY 5. Put a small amount of alcohol on the back of 
one hand. Then lick the back of the other. Now blow across 
both haruls at the same time. Continue blowing until one of 
the llquiQs disappears. 
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Usiiuj a jtiecJu.mo Oroppor. tiludonts rnujlit put 
a singlo drop of water (iwd a single drop of 
iilcohol on a r )i .absorbing €i)viacQ and find 
out which drop disappears first. 



8. The energy required f(;r evaporation 
comes (partly) fionl the skm. 



□ 6. WliKT<] hand loll cuulci as )^^l>low aeioss il? 

□ 7. Which liquid evaporated iho (aster? (^h)u itrny want 
to devise another way to compare the evaporatiop rate ol' 
the Jiquii^s.) 

You may recall from Volumes 1 and 2 ol l^HVlJiat energy 
is* absorbed by a liquid when it changes to a gas. '^lis energy 
(usually heat) is absorbed Trom the surr^^uading^i. 

□ 8. Explain the fact that the backs of your hands felt cool 
while the liquids were evaporating. 

n9. Why did the alcohol make" the hand feel cooler Uj^i ;^ 
the other liquid did? 




Wet- ancljdry*bulb thermometers 

Recall bow you deicrminod the relative humidity and dew 
*point-by using the sling psychrometer. You found that the 
temperature of the wet-bulb thermometer was lower tlurn 
that of the dry-bulb thermometer. What you know about 
cooling and evaporation should help explain this difference. 
The energy needed to evaporate the water from the wick 
was taken fron^ the wet-bulb thermometer. As a result, ihc^ 
thermometer cooled down. 

But why did you have to twirl the sling psychrometer 
ardund? Why wasn't the dilferencc between the dTy- and 
wet-bull^ thermo^neters always the same? L^et's try an experi- 
ihent to help find the answers to^fcesc tw«> quesiious. You 
and a parlaer. need these materials: 

1 thermometer ^ • - 

1 wick ' ^ . ^ 

1 baby-food jar half-lilled with alcohol. ' 



ACTIVITY 6. Place the wick over the end of the thermometer. 
Dip the thermometer Into the alcohol an^remove It* Place 
It on the table and read the temperature at 15-second Inter- 
vals. Record the readings in row 1 of Table 2. 



1S6 



■liiiiiAiiikiMi 



Table 2 







^ Temperature (X) 


» 

r 


Condition 


After 
15 sec. 


After 
30 scu 


After 

45 sec. 


After 
60 sec,^ 


I. Thcrmomclcr 
(on lablc> 






1 — 




2. Thermometer 
(\yavcd around) 


vf 









ACTIVITY 7. Again placejhe thermometer and wick into the 
alcohol. Remove It, and wave it around steafllly, stQpping at 
15-second Intervals to read the temperature. Record the read- 
ings in Table 2. 




niO. Using your particle nuKleI>«^lain whKtlie moving 
thciniometcr cooled ofl' more rapidl)^i^u may want to u.sc 
the JSCS Volumes. 1 and 2. particle model in your expla- 
nation.) 



The particle model for matter says that this energy speeds 
up moving particles. The fast-moving particles may leave th^ 
liquid to become part of the gaseous air. However, collisions 
between gaseous water particles directly above i\\o liquid ^ 
may kno^k some particles back into the liquid again. It is 
also possible Tor particles to return to the liquid just because 
•they are moving in that direction. 
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The evaporatiof^of water into water vapor is 
sorrfowhat ak^fi lo the dissoIwTig of a sub- 
stnnco In a solvent. Whon4he(^lution is s.ili: 
f alodfas" rfia hy pa Hi if les of "th~e so I ute g o In to 
solution as come out of SoluHori. and there is 
a balance. 



When will ihc number of panicles of evaporated liquid 
returning to the liquid be tlic greatest? 1( will be when the 
air above the liquid is saturated with particles tVoni the liq- 
uid. Saturated means the air has all the evyporaied liquid 
it can hold. A i^pongc is saturated with water when it is 
holding all the water it can. 

Suppose, for example, the evaporating liquid is waier,.The 
greatest return of water particles to the liquid would occur 
when the air is saturated with water vapor; in other words, 
when the humidity is 100%, The number of particles leaving 
the liquid .would ^^j^balanced by the number of evaporated 
liquid paiilieles- returning; -1 hts idea of particle balance^ is 
illustrated in Figure 1. 



Figura 1 



SATURATED AIR 
(100% humidity) 



UNSATURATED AIR 
(Less than 
100% humidity) 



w 1 \\ \ \ 



^ Liquid 




Number of particles 
.leaving "the. liquid 



Number of particles 
reentering the liquid 



NuniJ)6r of particles 
leaving the liquid 



> 

(is great- 
er- than) 



Number of particles 
reentering the liquid 
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' Oil. Suppose the partieles leaving the liquid were removed 
•from above tlfli liquid (blown away, lor example). How 
would Ihis allecl the evaporation of the liquid? 
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Perhaps you can sec why you 'Min.'," the f^sychiotncici 
( 1 he name reason explains why wet clothes dry lasier on a 
winuy day than on a day when the air is eahii.) The air 
immediately next to ihe wet-bulb thermometer may be satu- 
rated with water. However, by swiiiging the ihcrmometcr 
around, you constantly bring the wel surface mio regions 
where the air is not saturated. 

ni2. vSuppose the humidity in your classroom is 100% (satu- 
rated air). How would the temperature of the wet- and 
dry-bulb ihermometers compare? 

. air is not saturaieil._partiUes_wiIl cva|)oratc-4'r^m - 

the wct-bulb thermometer. 1 he drier the air, the faster t|ie 
evaporation. Thus, the better the cooling and the greater the 
dillerence between the wet- and dry-bulb. readings. 

In summary, in humid (moist) an, the difference in tem- 
perature between the two thermometers is slight, if any. In 
very dry air, the wet-bulb thermometer gives a much lower 
reading than docs the dry-bulb thermometer. This should 
help explain the hgures in Table 4-2 of Chapter 4. 



12. Thoy would 1)1) tiiosamo (Moto thai In this 
casu. whuliiu) iho thortnomoiers makoS no 
(Jiiforonci? The bulbs are coniinually in satu- 
lated All ) 



> 





(y 



\ 
\ 
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The effects of evaporation in cooling the sur- 
roundings are noticeable, but not as dramatic 
as the effects of condensation in nature. 
Wtien water vapor condenses to visible water 
In a cloud, huge amounts of energy are re- 
leased. The surroundings in this case is the 
w Itself. This heated air risos very rapidly, 
contributing' to the violence of some of the 
wildest storms. 



Condensed condensation 

The panicle model is also useful in explaining conden- 
saiion* It is the opposite of evaporation/ In condensation, 4 
gas becomes liquid. Condcnsaii<ni occurs with cooling. As 
the gas cools, its particlos lose energy and move more slowly. 
The forces of attraction between the particles are sufticient 
to bring these slower moving particles together. 

You have seen moisture gather on the outside of a con- 
lainer of cold liquid. (This is similar to the way you deicP;^ 
mined dew point.)The air close , to the cold coi^unefis 
cooled as' the container absorbs heat from it. The panicles 
m the air Iwc spnie^ of thcMr rc.d.Uiicd^nioliaiu 
gaseous water particles join together to form the visible liq~ 
uid droplets. , 




EQUIPMENT LIST 



fHinP<)Sl To N^rnp^Maturo ,'irul ilrw 

of clouds. 



How High Are 
the Clouds? 



Excursion 5-1 



This is an advanced genoral-interest ej^cur- 
sion. 



MAJOR POINTS 

1 . As air rises, a) it cools at a rate of 1 ''C pe* 
100 m. and b) its dew point decreases at a rate 
of I'^C per 5^^0 m. 

*'2r TVt the alti riTdo tHal 'the'tom pera t ijre equals" 
the dew potjit. clouds forni. (This accounts for 
the flat bottom of many clouds.) 
3. The height of a cloud bottom can be esti- 
mated If you know iho dew poinf and air 
tompeH-ature at the earth *s surface. 



Many warm summer days begin with a cloudless sky. By 
noon, however, puffballs of cumulus clouds may have ap- 
peared. Heat from the earth's surface has lifted moist air up, 
forming clouds. Usually these clouds have flat bottoms. 

ni* How do you account for the flat bottoms when the 
cloud tops arenU flat at all? 



l hat isn't an easy question, byt you may be closer to .the 
answer than you think. As moist, warm air rises, it gradualFy 
cools. Eventually it gets high enough and cool enough so 
that the water vapor condenses. This condensing (cloud for- 
mation) happens jiist when the temperature of the air is the 
same as the dew point. This occurs at a specific height abo\ie 
the earth, (Of course, this height varies from day to day.) 

□2. What part of the cloud is tlic flrst to form, the top or 
the bottom? : 




Figure 1 



□3. Can you now explain the flat-bottomed clouds? 
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This rato ol cooliny ot air as H rises ir> called 
the adlabatic rate, as discussed in tho toacher 

_notoi-.o.Chaptor 3. Ihjs rate rernains constant 
at I'C por 100 m as long as tho air is un- 
saturated (as long as the temperature is less 
than the dow point), and it is thereto, o called 
the dry adiabatic rate. Once the saturation 
point is reached. \M air no longer cools at 
that rate, because the heat of condensation 
Is bein<- passed back to.jt it^ight be intor^ 
esting io note that if the air descends for any 
reason (such as flowing down the olher side 
of a mountain), it warms at this same rale of 

' I'C per 100 f"- 



As air 1..SCS. il cools al an average ...ic of al^t 



lOO m. 



□ 4. How tnuch cooler would tho air be at 400 m than at 
ground level? (Figure 2) 



Figure 2 



? cooler A 



3" cooler A 



2° cooler/ 




Earth 



air decreases at an average rate ot TC 



The dew point of air 
per- 550 m. 

□ 5. How much less would S? dew point bf air be at 
•2,200 m than at ground level? 



Figure 3 



Dew point 
2"^ less 



Dew point 
1° less 



Dew point 
3^ less 



A 




1 650 m- ^ 



Dew point 
■ ?° loss 



2200 m 



Earth 
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□ 6. Whicli decreases faster with altitude, the air tempera- 
ture or/ttt dew point? : * 



Figur 



e 4 may help you with your answer to question ^ 



4500- - 



Figure 4 




°C of Dew Point Decrease « 



ot Air Temperature Decrease^ — • «^ — t 



As altitude increases, the air temperature falls faster than 
the dew point. Therefore, at some specific altitude* the .air 

.temperature will be equal to the dew point. At that altitude/ 
clouds will begin to form. Since cloud bottoms form first, 
all of ihcm will be flat at that height. (The rest ^f the cloud 
forms as thci warm air cominues upward. Wliat do you think 
caustjs some clouds to stop getting larger?) 
Your problem- is to fmd vlie height of the base of clouds.* 

-Assume that the temperature at^lJie base 6\ the ctdud is at 
the dew point. 

Calculating tlfe height oV the cloud base involves two steps. 

1. ' Find the air temperature andclew point at groundrtcyel. 

2. Innd the height at which the air temperature (g^t^ng 
lower by I'^C each 100 rn) and the dew point (getting 
lower by PC each 550 m) are equal, , 

• Figure 5 shows a sample problem on a day when the 
temperature at ground level is 26X and the dew point is 



Thg rale ol decronso afr (ompoiature is 1 "C 
per lOD m. tho rate of decrease of dOw pomt 

. iS. 1"C per 5,^0 m. To ^]<.'t both intos in-^ 
mon torms of doorcase per m. divide [\\^ l^'C 
by 100 and by 550 r(^spoctively. Tfiis X)ives 
ratos.of decrease of O.Oi per m for atr, and 
O.OOIS'^C per m for dew point. On ifie next 
pcig<^. students are challenged with an op-*- 
tional acl»vit^<question 9) of deriving. the for- 
mula given. FrC^n the start above, this is rela- 
tively simple. Accepting tho fact that clouda 
form at an aHitude (h^ where air ttimporature 

.and dew point are eQual. then tfie air tcniper- 
ature at Iti^t point will be the air temperature 
ot^ the ground minus the decrease due to 
height, or 1,^, 0 01 h. Likewise, the dew- 
point at ti_>at height will be ttie dowpolnt tern-' 
perature on the ground minus the decrease- 
due to height, or T, ^, - 0.0018 h But at that 
heigiit these two terms are equal, 'so T^^ 
0.01 T,^^ - 0.0018 h. 

Collecting the "h" term on one side: 



0.01 h ~. 0.0018 h - T- 



0.0082 h t 



.p. or 



air ■ <l.ii 



0,0082 
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1400 
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800 \^ 
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► IB 

• 20 

- 22 

- 24 

• 26 



Figure 5 



Air temperature 
(drops I'^C 
per 100 m) 



* Clouds form. 
(Air tomporaturo = Dow point) 

4° ^ . 



Dew point 
(drops 1° C 
each 550 m) 



An easier solution than the one shown in. Figure 5 involves 
using a simple formula. Here it is: • 

Height o^" cloud bottom in meters = 122(1^^ ^d.p) 

' — ground level temperature of air 
1\lp ground level dew point 



^1 




□ 7. Using the formj^, cheek the kimple problem of Fig- 



\ f . ^ . ure.5. .;■ ■ ' . /■■'''•■* • - 

' Note ttrat aithougrt no oqgipment wafe listed , ; 

for this excursion, in order to answer question rolriihite the height at which clouds could iorm today. 

^uifyour mcU>od,'du,a„and.o„cluMons ,n your Record 

use the sllno psychrOmeter and trte tables in g^^^j^ \ . * ^ 

the text. • ' I • * 

□ 9.. (Optional) Can. you.aeriyc ihc tbimula. given tor Ihis 

type of problem? _ 



the text. 
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....... •x^.-v.A' >,Avv> '..r ... 



Thjs IS an ucJv;nu:ov.l oxcur*i»on 



\ Building a Nephoscope 



Excursion 5-2 



EQLflPMfiNT LIST 

1 21 rmv X 21 cm p>vce of glass 

. 1 i|fieel pf bijack paper 

-4-fuler-or meiefsiiek ^ - — 
1 timer with second hand 
Masking tope ^ • ^ < 

Marking pen. %/ith fln^^ pomt ^. 
1 drawing cotnp^ss 



V 



A nephoscope is ft cipvicc \jpu can buiUl and uVc (o measure 
♦the Ibrward motion of a cloud. You will need the fojlowing 
materials: " * 



^. \ 

MAJOH POINT 

An inslrument can be conslrncled to obtain 

, Am., th^l .Mill . ^Miabig..^ima. §aQ-^_lii_J^ 
measured. . ' * 

Note. This excursion requires .careful con- 
struction, somewhat ditljcult measurements, 
wcll-deiineatv--* clouds m the sky, an^ sof.ie 
^ {nathematical skills. It shou'd probably be ?ft- 
tempted only by more capabl^e students. 

Note thjit two pencils and a piece ot String 
"^coi'id be used to draw the circ-lu if no drawing 
compass is avaifcj«ble. 



1 pane of window glass, 
approximately 21. cm 
X 21 cm 
^ I sheet of black paper, cut 
to the same size as the 
^ glass p,ane 



1 centimeter rul^r (or meterstick) 



1 watch,Witl\ sweep ^ 

scco.ad hand 
1 strip v>f masking 

(ape (a'boul 20 cm") 
I marking* pen (line 

point) . 
1 drawing compass . 



/ 



Compass 




Black 
paper 



Another way to 
draw a circle 



\ACTIVITY 1. Clearly mark a point near the center of the black , 
paper with this pqtnt as. cdnter, use a confjpass to draw a^\ 
circJe of $-cm radiUs« 
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ACTIVITY 2. Tape tHe black paper with the pencil markings 
next to the glass. They should be visible through the glass. 




The rnsirumcm nlust sit on swi:ietfiing solid 
*and iftimovabtd. The obsorv(?r 'mtsi also be 
able to hptd a fairly fixed position loncy^enough 
to maki) the complete measurements. 



-JVCTIVITY-3* With the marking pen, trace over the pencil \ 
. markings so that the glass sheet is marked like the black 
paper. 




ACTIVITY 4* Place the nephoscope as near a window as pos- 
sible, or in the open where you have a clear view of the sky. 



6 y 



4 
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Choose sonic clouds as nearly overhead as possible Stand 
beside Ihc ncphoscope m a posilion U\nu which you can sec 
the rellcction of the clouds. You may need to pro[) one edge 
of the ncphoscope on a book. Once you have this set up 
(Figure 1), ycm are ready to make measurements. You will 
need the help of a partner. 



Figure 1 



Position 1 



Position 2 




If Students nave had the hocessary geometry, 
they can visualize the similar triangles. Oti^er- 
wiso. they have to accept the mathematical 
relationship 6o faith. 




o • 



1 



Nephoscope 
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ACTIVITY 5 First, select a clearly tdenlillable point on the 
^ edge of a cloud. I^osltlon yoursell so that the reflection of 
this point Is at the center of the nephoscope- 



Vou can soe that th.s will not work on an 
overcast day wiUiout cToutis that have well- 
defined cd<ics. Also, it should be dono on a 
day that the cloud height can be osti.t.atod by 
using Excursion 5-1. This nneans mat the 
Clouds -^hotrtd- be ol-mo -cumulus. lypy. bven 
theti it will mean that the observer will have 
to remain motionless for 5 minutes or .nore. 




ACTIVITY 6. Then, without changing your position, have your 
partner time the movement of the reflection. Record how 
many secot.ds it takes your chosen.polnt to nrvove- from the 
center to the rim of the circle. Don't change the position of 
;:nody until your partner m^.sures the height of your eye 
above the'nephoscope. (See Figure 1.) Record your data In 



Table 1 




^ Table 1 



DibiaiKc moved by reflection {4} 


.0.005 meier 


Time lo move 5 em (l) 


scci)nds 


Height of eye above ncphoscopc (h) 


meters 
* 


Estimated height of clouds (H) 


meters 


(Sec Excursion 5-1.) 




^ 





Note the need for cipud height. 



Do not Ibrgei to change your mcav^urenienls of h and d 
from centimeters'to meters. 

With a formula Irom geometry, you can use the measure- 
ments you have just made lo calculate the distance traveled 
by the clouds. 



D 



H X d 



D := Actual distance traveled by cloud" 
H =z Estimated height of cloud 
d Radius of nephoscope circle 
h = Height of eye above nephOvScope 



. ■ \ 

■ I 

1 

\ 
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Just to havo some "|;k3(lpark" figures, with a 
clou. J at 2.000 m. a radius of the cirelu al 
O.Of) rii x^hd the height of the eye 25 cm 
(O.X)2r> m) above \he glass, the distance trave- 
led by the cl<^^ w^I bo about 4.000 m. - . 



EXCURSION 5^2- -149 



liMMiiliiiaM 



□ 1. What is the distance moved by the cloud? 

1 !2. Suppose the estimated heij;ht (U) is ^000 meters. What 
distance would the cloud have moved iVall your other meas^ 
urcmcius were the same as bclore? 

□ 3. How last did the cloud move in meters/sec? 



If tht) cloud moved an actual distance of 
4.000 m. and a reasonable wind speed at that 
-nitltude tti mitas p<^i:-hour- (48 Jinn/hr. 13 
m/sec). then the time would bo about 300 
seconds, or 5 minutes. 

4. The height of the aircraft and the time it 
took for the reflection to cover the radius of 
the circle. (With Ihns instrument it would be 
well nigh impossible. With the aircraft low 
enough tor the reflection to be seen, the 
image would move very rapidly across the 
circle.) 

5. Student answers may prove interesting 
Probably a radarscope woulc: do a better job. 



^Speed - 



I 34. Suppose you wanted to use this method to measure the 
speed of a jet aircratt What would you need to know? 

□ 5. How could you improve this method of determining 
cloud speed? 
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EQUIPMENT LIST 

1 piaslic straw 

Hubbor tubing. 2-fool lunylh 

1 pail 

1 comb 

Scotch tope or cJay 
1 tlat pan 

And the Rains 
Came Down 



f^Uf^POsr- l o lust a possiblo tt^oory for pf 



Excursion 7-' 



This is a general-interest excursion 




FIgifre 1 

You have been studying a number of events that take place 
in the atmosphere. All these events can lead to one otiieV 
oceurrenee that wc associate with wcathcr^precipitation. 
Ih.s preeipitauon can be in the form of dri/./.Ie, showers 
snow, sleet, or haiJ;:1t all depends on the temperature and 
other conditions. 

Precipitation might be considered the top rung of a ladder 
of events that occur in the air (Figure 1). 



MAJOR JOINTS 

LJ^eclpitation is the end result of a numbar ■ 
of event.s in the atmosphere. 

2. ro go from condonsatidn to precipitation 
cloud droplets mu^t be bto>jght together to 
form a taiiidrop. 

3. QKie model of. raindrop formation uses 
Gloclrostatic attraction as a basis. 

4. Ice crystals in clouds may be another fac- 
tor in precipitation. 
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l.c.l's climb luag .\ ( ■otniciisaiioii. ^\m Imvo Coiiiul that 
air must coniain water vapt>r and sonic solid particles. lt)r 
condensation to take place. When the tenipcraiurc of the air 
reaches the dew point, the water vapor will condense on the 
particle surfaces (dust, smoke, salt particles), l igurc 2 illus- 
trates the formation of a cumulus cloud. Moist air is lifted 
and then cooled. The cloud forms when the dew point is 
reached and water begins to condense on small particles 
(condensation nuclei). 



Figure 2 



Figure 3 




1- Cloud droplets , 
- Dew Point Level 



I \ 

/ 



/ 



\ Rising moist air 
\ 



The cloud consists of very tinv droplets, which .we'll call 
"cloud droplets." 

Figure 3 compares the */.es of a condensation nucleus 
(dust or salU.'a cloud droplet, and an average-size ramdrop. 
An average raindrop is so huge compared to the droplet and 
condensation nuclei that we.^ can only show part of it. 



-EXCURSION 7-1 



Condensation 
nucleus (dust) 




Now glance back at the ladder in Figure 1. In order to 
go up from rung 5» Condensation, to ning 7. Precipitation, 
Growth (rung 6) of the * cloud droplets" must take place. 
About 6ne million cloud droplets arc needed for a small 
raindrot to fomi? How does this happen? To tind out, you 
and a pahner will need the following: 

I plastic straw 

Rubber tubiitg, 2-foot length 
I pail 
I comb 

Scotch tape or clay- 
Flat aluminum pie pan 

ACTIVITY 1. Carefully punch a pinhole on one side only of 
the plastic straw. Block up one end of the straw with claj^^ 
or tape. (The end must be watertight.) Fasten the open end 
of thi straw to the rubber tubing. 



Th<? ptfv O'.s by which tr^e t>ny cioud droplets 
come together to foim ratndroDb is caUed 
roAl<?SCcnce. it s not iu?t sanp'^' ^r^atter 0» 

T^rvi to i>,)upce ott each oiher ruoUf^Jr 
bails, possibly because ot surface tentiion 
Some force 13 necessary to got them to stay 
together to form drops 



Perhaps ft would be wise to add a fT^op and 
paper towels to the equipment hst This activ- 
ity could get messy \i \\ is not carefully con- 
trolled 




^Pln (Cut pin tide; 1 
do not cut through bottom) 



Push clay In 



Plastic straw 




Rubtiar tubing 



ACTIVITY 2. Set up the apparatus as shown. The top supply 
bucket should be about ^ fulL 



Tray 




Plastic straw 
wHh pin hole 



Water 
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ACTIVITY 3. Hold the straw low^r than the water level In the 
bucket. Suck on the pinhole until water starts to llow- Hold 
the straw In the pan so that the fountain Is vertlcal- 



Plastlc 
sUaw 
with 
plnhole> 




Pall 




Pie pan 




Strijiw is held 
beneath the level 
of water In the bucket, 



\Biicket, 
% full 
of water 



3 



A oellulose acetate strip rubbed with tissue 
paper, or a vinyl strip rubbed with wool cloth, 
will work even t)etter than the comb. These 
are the two strips used In Level ll.lSCS,. and 
they may be reudi'ly available. 



ACTIVITY 4. Observe the sfjray of water carefully. Pay partic- 
ular attention to the size of «ie droplets. Now, while you hold 
the straw, have your partner ruaa comb several tlpies through 
his hair, and then move the comb close to the spray. Move 
the comb In and out several times. 
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ni. What did you observe happening when the comb was 
brought, close to the spray? 

□ 2. What happened to the size of the droplets when the 
comb moved toward and away from the spray? 

D3^ Give your explanation of why the comb atlects the 
water spray? 

□ 4. Docs this investigation suggest what might cause tiny 
cloud droplets to combine to form raindrops? Explain your 
answer. 



The friction that results when a comb is run through dry 
hair produces an electric charge on the comb and the hair. 
Thijlpiarge has been described u) detail in Volume* 2 of 
ISCS! Electric charge can produce' a lorce of attraction be- 
tween objects. As you brought the charged comb near the 
water spray, the droplets probably increased in size. Ii is 
reasonable to a.ssume that this charge was caused by the 
charge on the comb. Tiny droplets were attracted to each 
other and combined into larger ones. Electric charge also 
exists in clouds. Therefore, it is reasonable to thmk that this 
charge may cause the formation of raindrops. 

There is another factor in raindrop formation that some 
meteorologists think is even more important than the pres- 
ence of electric charge. This factor is the presence of ice 
crystals in clouds. Figure 4 shows how the temperature in 
a cloud may vary. In large tlouds extending to high altitudes. 



-30^ C 


• * • * I 




-20^ C 




-10^ c. 













Freezing 0** C ^ — . ^^^^V- 

point ^ 

. +10** C ' 



— Freezing line 



H Ice crystals 



o Supercooled 
dro^ets .■ 



An eleclror.tatic field does tndoed cause co- 
rjtosconco of lh(? drops. Bxii MudoiK^i should 
-.-u^aU^^4a^t*w fir oHfy-a-^ht^'ny^-^n'modot-loT- 
tfia possible explanatfon of raindrop forma- 
tion. No ono Iio^- actually observed niis hap- 
pening insido a cloud, nnd Ihere could be 
other factors-otfi<>r modols-tliat could ex- 
plam the phun^mena jusl wolL 
r-or your inlormation. wjter moloculos aro 
paiiifir— lhat the 2 fiydrogons with a plus 
chaaje arc orR ntod toward ouv. !^Kjo of tho 
luuloculc and (he- oxycjen with a double minus 
charrjti ir> onoiitcd to Ihu other side. Thu 
charf^o on Ihu comb, oiihor.plus or rninu;;, 
aUrarti; the- oppositely charcjod partiClon. 
v.Miich artf true lo Orienl thenisolvos toward il. 
The water i>pray is thus attracted, because 
paM of each rnolecuie is closer to the comb 
than the Other pan. 



Hero's another Mio(Jcl'-and one that enjoys 
nioro favor. osf)ecially for clouds that extend 
higfi enou^jh (sweihng cumulus, cumulonhn- 
bus) lo reoch the freezing level. 



Figure .4 
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_NcUf^ the keying ol EACUfsma Zr^.hoj.^ t^^^well 
a$ in the chapter. 



i:»:(»iij:si:«;i> 



llic temperature may be well below the iVee/ing point ol 
water. The water droplets at altitudes above the free/.uig line 
will be colder than the freezing pouil of water, and still be 
liquid. These droplets are called • "supercooled" dri>plets. 
Some ice crystals will also exist in the cloud. If a droplet 
collides with an 'ice crystal, the supercooled droplet will 
immediately frce/e oi\ the surface of the jce crystal. If this 
proces.s continues, the ice crystal may become heavy enough 
to fall through the cloud. II' live crystal falls through warm 
air, it may melt and reach the ground as a raindrop. If the 
crystal falls through air that is below.freczing. the precipi- 
tation ma^ be in the form of snow or sleet. 

If you are interested in fmding out how hail forms, lake 
a look at Excursion 7-2, "Cumulonimbus." 



■ a 
-a 
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EQUIPMENT LIST 
Npno 



This is a gonoral-interest excuitiion. 



^ PUHF^OSC To stiKjy thu (JnviMopmont. char- 
nottuistics. ,i!uJ prv)ponies o1 tluiiuJ(»rhead 
clouds 



Cumulonimbus 



Excursion 7-2 




s nc/6 constnntly changing 
id J^y build to cuniulooirn- 



MAJOR POINTS 

1 , Cumulus clouds 
shape and si/e arid , 

.bus. _ 

2 Violont air movements within the cloud can* 
procjuce violont woather, . 
3. Successive up-and-down trips through \ho ^ 
cumulonimbus cloud can build an ice crystal 
into a large haiU.lone. 



This excursion should be done on d day when there are 
cumulus clouds. Figure I shows a typical display of cumulus 
clouds. Figure 1 , ' 



Whether or not a cumulus grows to a cumulo- 
nimbus*, or remains the same size, or clissi- 
patos Is controlled by the stability of the air. 
This in turn affected by the moisture con- 
loat of\the air. Air. that is conditionally stable 
and haii a hiyh moisturo content may be up- 
iitted by\pne of the four ac^entt^ that make up 
the model. When the condensation level- is 
reached and clouds form, so n.uch heat en- 
ergy Is given to the air by conderisation that 
it becomes unstable, rises rapidly, and builds 
into huge cloudS/ 



ACTIVITY 1. Go outside, lie on the ground, pick out a single 
cumulus cloud, and observe it lor at least three minutes. Then 
select another cloud, and again, observe It for three minutes. 



n>^-Lisi Ihc changes you obscr^jj^^ Tor the two cumulus 
clouds. 

□ 2, Compare and conlrasi ihc behavior of boih clouds. 

You learned earlier in this unii that if warm, moist air 
rises, it will cool. The water vapor will condense on imy m.>1iU 
surfaces, forming a cloud. Cumulus clouds, with their pulfy, 
heaping appearance, are formed where updrafts of inoisl, 
warm air occur. You might have noticed that the clouds you 
observed changed quite dramatically, l^-rhaps the cloud 
moved horizontally, broke ai-)art.'iaded away, or grew larger. 
Generally these clouds don't last too long because the aw 
surrounding them is usually quite dry. This dry air causes 
the cloud droplets to evaporate and become invisible water 
vapor. 

Some cumulus clouds, however, are huge and may last 
long enough to produce violent weather. Examples of these 
clouds are shown in Figures 2 and 3. 



.. . -^ 




•5t- 




The mS^sture co/^ent, and thc/o(ore the en- 
oryy content, of a thundoihoad is ternfic ll 
hii^'becn calculalod that a single tfiunder- 
sloim about 3 nulcs m diameter can contain 
a5> much as a half million Ions of cof)den3ud 
water TtiiJi iv> found m the form ot wa(t;r drop- 
lets and ice crystals In condensing this much 
moisture out of tho water vapor, tru^ en<-rgy 
released by me latent heat of condensation 
is'oquiyalent to tujrning about 60.000 tons df 
goal. ' ^ V - ' . 



=0 



Figure 3 



1hat the excuriiion supposes stOdents 
1^ are^ble to observe cumulus and curnultpnim- 
^ bus Vvhil^ they do the activities. 



You probably know that the clouds shown m I'lgurcs 2, 
and 3 are cuni^nimbus clouds. Perhaps you have seen 
one recently. You may remember that wind, thunder, light- 
ning, rain, and perhaps even hail may have been '^issocialcd 
witlx it. How does a cloud get so big?^^^M<;hi!Lt happens mside 

these clouds to produce a violent thunderstorm? 
• «» » 

\ 

ACTIVITY 2. Figure 4 shows drawings ol the same thunder- 
cloud at different times. Using'the vertical scale shown In the 
photographs, determine the height. In feet, of the*cloud at 
each time. 




A 1:00 P.M.- 



I5,000*ft 



2:00 P-M 





NTT 



3:00 P.M 




Figure 4 



This violent up-s^d-down motion qJ air is ex- 
tremely hazardous to aircraft (lying in prox- 
imity to the cloud. Besides extreme passea- 
ger discomfort, large stresses are placed. on 
the structure of the plane. Yhere are many 
documented cases of extensive' damage* to 
tbe craft. 
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CJ3. How tall (from botloSS to lop) was the cloud^al each 
time interval? * ' - 

'□4- What .WHS Jijic ratc^)f growth oC the thunderclou<l? 
(Mint: How man}' feel did it '^grow'' per hour?) ' . 

* ■ . 

Rksing air in soniii thunderclouds may have upward speeds 
of 60,000 to 100,000* feel per hour. At such speeds 4hc\ur 
may climb above the eondcnsaiion level very rapidly. If ihc 
surrounding air is relatively l)igh iji hiuiiidity, the cloud may 
grow^ to 40,000 feel ot more! 

^ Inside 'the .cloud, air moves violently up and/or -down. 
Figure 5 shows the nature of the air motion un a cumulo-- 
nimbus cloud. 




Notice thai at first the air motion is predominately an" 
updraft., During maximum^ devejopment of the cloud, the air 
hnovcs both in violent updrafts'and in downdraft.-i. Finally, 
the i^jjward motion, which supplies the moisture, ceases, and 
■the cloud consists only of downdrafts. . 

Let's examine one important eljTect of the' ups and downs 
of air in a cumulonimbus cloud. This elfpct is called hail. 
Although roost hail is about pea size inch), some hailstones 
may.be ^s large as tojinis 'balls (2| to 3 inches in diameter). 
A close inspection of hailstones revenls that they consist of 
a series of layers' of ice in concentric shells. Sec Figure 6. 



Figure 5 



|ii a kill-grown- cuniuloninibus. the greatest 
updrali conios in the front third ul ttie cloud. 
This tins ttio etiect o( p/oviucirifj a lelaiively 
caJm are.i at ground level ;Utor_ tli.; Iirst Qusti- 
ness and large raindrops^ havy stoppi-d. Then 
the major precipitation occurs undur the back 
two thirds o}. the cloud. 




Figure's 



/ 



V ' ^ ^1^^ formation of these ice layers requires the presence 
of •strong updrafts. - ' ^ ^ 

□ 5. why do you. think strong updralts are necessary in 
forming hail? '^.n ■ ■ ' ■ -■ 
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H an ice crystal lalling ihiougii iho cloud is caughl in an 
updratt. il can colled nioic dioplcis on iis suilace. 1 he crys- 
tal then enlarges. Near tlie top ol the cloud, the torce ol' 
the updialt decreases. The now larger cry.stal falls again, 
collecting more ice on its surlace. It- it is hurled upward again 
by the updralts. still more ice collects. 

□ 6. What would cau.se the hailstone to finally lall to the 
earth? 



Imagine how strt)ng the updratts must be to produce hail- 
stones, the size of tennis halls! 
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EOUi.'MENT I 1ST 

1 vvwather jObtriiment 

Burooieter 

Sling psychromelor 

Weather map 



Weather Prediction 
and Forecasting 



Excursion 7-3 



This IS an aUvanced goneralMnteres* excur- 
sion. 



MAJOR POINT * • 

By usiDcj the weather olonients of tonip(->ra-'v 
turo. huniulftv, cloud. vvincJ dt;0(!tJon and 
sptH?d. afid l)..foniotic pfcs',urb. and tho do- 
vo!of)ed \)\o6iu lor woalh r. a short-ranye 
forocaia can bo jtjade. 



Have you been wondering how inctcor<)lc)gists can predict 
the weather from data like that shown in Table 1? How can 
they Combine several kinds of information to interpret and 
forecast the weather? • 

Tpble 1 * 



1 - 

Day 


Time 


— ~i — ^— 
Temp. 


20. 


1:30 , 


17«C 


21 


2:05 


20°C 


22 


1:50- . 


W°C 


.23 


1:45 . 




24 




r 



s 
s 

N 
N 



^-12 



Stratus 

Stratus 

Cunuilo- 

nimb.us 

Clear 



o 
■o 



Pre- 



1.5 cn) 



How well can you interpret the data in Table 1? Can yqu 
.predict what t^ie next day'.s weather will be? Notice 'that the 
data is for a fowr-day period. Data for u filth day <-rhe 24th) 
is not included. You will try *to predict this data. Study the 
■patterns in^^uch colunu) before trying to answer tire following 
questions. X • ' . . — 





Rcl. 
i luni. 


Dew 

> • 

Point- 


29.90 

29.»K ; 

29.81' 


'* 5.5% ^ 


13-C 
18%' 


29.92 


29% 


« 

-r'c 




V 


, ' ■■ » 

« 












f 
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Some . teachers start bringing in tho daily., 
wenther maps, av tlw beginning, ot the unit 
These can bo posted or mounted tequentially 
on a bulletin boart, chalk-board, or wall 
^Probably nothing can make the procession of 
"daily weather across the country as 'real as 
this. beca\ise tho stunts can m it ihto thoir 
daily jweather obs^|ii^iGns. 




L"11. What kind of Woni is moving acioss tins area? ^ 

(• )2. If you knew thai the center of high pressure was due 
to arrive on the 24th, predict what would happen 'to each 
of ihc following quantities just after it arrives. (Conipleie thai 
pari of Table fin your Record Book.) 
TEMFERATURli (Drop greatly; drop sliglitly; no change; 

rise slightly; rise greatly?) 
HUMIDITY (Drop; slay the same; rise?) 
CLOUDS (Slay clear; get cloudy; if so, what types?) 
WIND (None; strong, hgbi?) 
PRECIITTATION (None; some?) 

Fortiuialely, the weather pattern sWn by die data' in 
Table 1 is a fairly clear-cut case of frontal movement. The 
air pressure dropped slightly and then rose rapidly just be- 
fore the hist pan of the high-pressure area arnved. 1 he drop 
m lemperauire shows lhal the high-pressure area was the 
result of an advancinj^ cold air mass. As the cold ma^s nu^ed 
inio the area, the relative hmnidity ro.se, water vapor con- 
densed into clouds, and rain fell. After the cold air mass 
replaced the Avarm air, the air was clean cold, and ianly still. 

Most weather predictions, or foiecast.s, are tor less than 
48 hours. They are called^ short-range forecasts. Carelul anal- 
ysis of^hc daily weatl/'r iniip (which you can obtain trom 
a daily newspaper) c</.pled with the observations you make 
of temperature, pre.s.(ure, humidity, and cloud type, will ena- 
ble you to make 48-hour forecasts. 

Table 2 describes signs to look for when making short- 
' range (48-hour) forecasts. ' ^ 

ACTIVITY 1. For the next three days, continue to gathfer 
weather-watch data. Each day, study your observations and 
make a forecast of the next day's weather. In addition to 
making your own observations, consult the daily weathpr map 
posted In your room, or look In your newspaper. - ^ 



Table 2 



I- 

Weather 
Hlcmcni ' * 


1 • 


Probable Change in Wcaihcr 


■ *. :• • /'^ 


Rapid drop f^^"^''* ' 
1 ■ ^. » * 


^ '■ ' 
^ "ppiv^aviiiug— ram or 
snow . 


Air Pressure 

J; _ _ 

** ' ■; \. . ~ 


1 ^ * 
Rapid risc^ ' * - ■■ 


1 iJrroni moviiit» nm ^ 
1 **»vvni^^^ui — "Ciearm** 

and faii^ 




Steady ' \ ' 


TTv.«mvi iviiiaius sanic. 




Puny scaiicrcd; 
' cumulus. 


Fair weather 


Clouds 
. • 1 


Afternoon cumu-vJ 
lonimbus clouds 


Thunderstorms 

; ; \ .... I 


*, * •> j 


AUosiraiui> 


, Warm fro/it^ao rain unless ^ 
cloud type changes 


^ 1 
Miscellaneous 


Cocif, clear &ky \ 1 
^ with lutle wind ' 


; • * 

Hipji pressure over region-- 
wcathcr will probably remain 
lair. " ' 
itf- ■ 


• ■ ^. ■ • 1 

1 
1 


Sudden chmi^e H;. 

in wina dkcclipn T- 
* 1 


Advancing of receding from 



bo r , " "''^ chalkboard or bulloi,, 

I. <-|audine« (increa.sc, dccrca.se, remain ihc san.c) 
. I robabic wrnd direclion ' 

3. Probable wind speed ■ ■ 

4. Baronjctcr reading, (fall, n.c. remain the sa,nc) 

5. Probable cloud types 

6. Probable temperature range 

7. Precipitation expected (amount and tJiS)5 



Somo of these prediq'tons will be • i -i- 
cult (or the student. Horinstanc t • /• " , 
the unit hQ's the concept be-n w-'-- it' 
vvmd spqed IS a fi;nction of the sup..;aliun of 
ho ,sol,,-u. w.,en i.obars are closer toqoLr 
-(-stoep preisuro gradient), the winds will he 
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Encourage sliJdonts to play this' "gonriG" ot 
daily fofogasllny. It is an 0xc(;ller>l continuwuj 
activity 



As each day passes, also tnakc a nolo ol your success, l .ven 
with coinpuiers, abunJaiU dala. and miincious observers, 
piolessional wealhcr ptcdictors ullcn have a *M>allnii; avei- 
age*' ol only 60'.^. 70^;?. If your predicl^ions ;uc correct even 
liall* ihc liiue, you are doinj> preily well. 

You can do your I'orceasl v^ork at the same time (hat you 
are beginning th^- next unit. Try not lo let newspaper or 
television weather Torecasls alleci your own predictii)ns! I he 
object of this activity is to lesl how well rm//* model works 
Tor prcdicling, not lo niak-e perlecily accurate loreeasis. • 

ACTIVITY 2 (Optional). If you are Interested, try making an 
extended forecast. An extended forecast is usually a weather 
prediction up to about a week fn advance. Extended forecasts 
are general forecasts. Ttiereforo, you should not be con- 
cprned with details as you were for the short-range forecast. 
For the next week, predict what you believe the outlook will 
be for your area in terms of the following. 

Temperature (Warmer^ or colder than normal for that time 
of year) / 

Precipitation (More rainy or less rainy than normal for that 
time of year) 

Movement of ^^^^^ through yo^area 

In order to give a general forecast, you may want to lind 
out what tiie normal leniperalurcs and precipitation aiiiounis 
are for your local area. You may also waul lo look at 
wealher-satellitc photographs of the clouds over ihc cap^ 
surface. We'll leave thai up lo you! 
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